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Executive Summary

Lawrence Livermore National Laboratory (LLNL) is a U.S. Department of Energy
(DOE) research facility, located in Livermore, California.  It is jointly operated by
the University of California and the DOE.  LLNL comprises two sites, the main
Livermore site (Main Site) and Site 300.  This document pertains only to Main
Site operations.  Main Site hazardous waste operations are performed and
managed by LLNL’s Hazardous Waste Management (HWM) Division.  HWM
currently operates its five Main Site facilities under an Interim Status Document
for the management of hazardous waste, as issued by the California
Environmental Protection Agency (CAL/EPA), Department of Toxic Substances
Control (DTSC).  On February 28, 1994, LLNL submitted to DTSC a revised
Part A application and a Part B application for a Hazardous Waste Storage and
Treatment Permit.  DTSC deemed this application complete on June 24, 1994, and
subsequently requested that LLNL’s March 1, 1994, Chemical Health Risk
Assessment be revised.  This document represents the revised Health Risk
Assessment to support LLNL’s permit application.

Hazardous, radioactive, and mixed wastes are managed at LLNL’s Main Site.
HWM staff process, store, package, solidify, treat, and/or prepare waste for
offsite shipment and disposal, recycling, or controlled discharge to the sanitary
sewer.  LLNL presently operates five hazardous waste management facilities at
the Main Site—two of which (Areas 514 and 612) include operations that can lead
to emissions of waste chemicals to the atmosphere.  Because atmospheric
emissions of waste chemicals can contribute to potential doses and subsequent
health risks for exposed individuals, waste chemicals of concern and the
locations of the maximally exposed individuals (MEIs) were identified in this risk
assessment.

Two strategies were adopted to characterize the potential release of waste
chemicals.  First, the quantities of specific chemicals treated or handled during
operations at the Area 514 and Area 612 Facilities were identified.  Second, the
potential for each identified chemical to be emitted from a dilute aqueous
solution to the atmosphere was evaluated based on the Henry’s Law constant for
the chemical. Henry’s Law constants provide a reasonable estimation of whether
a chemical in water will escape to the atmosphere.  Chemicals having Henry's
Law constants less than 1.0 Pa-m3/mol were not evaluated for their contribution
to risk or hazard because they are unlikely to be emitted to the atmosphere from
dilute aqueous solution.  For chemicals with Henry’s Law constants greater than
or equal to 1.0 Pa-m3/mol, emission rates were determined for Area 514 and
Area 612 separately, based on consideration of the operations being performed.
To account for the variability inherent in waste streams from research facilities,
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surrogate chemical(s) with assigned toxicity values were incorporated into the
risk assessment.  Comprehensive chemical inventory data and analyses are
provided in a supplemental document, Data Supporting the 1995 Health Risk
Assessment for Hazardous  and Mixed Waste Management Facilities at LLNL.

The locations of the MEIs onsite and offsite were determined using atmospheric
dispersion modeling and land use information.  MEIs were selected to represent
offsite residences, child day care centers, and offsite workers as well as onsite
workers.  The atmospheric dispersion modeling was performed using the
ISC-ST2 model approved by the U.S. Environmental Protection Agency (EPA), in
conjunction with five years of meteorological data from LLNL’s onsite
meteorological station.

The distribution, or partitioning, of the waste chemicals from the atmosphere
into other environmental media (e.g., water, soil, vegetation) with which an
individual has potential contact, was evaluated using the analytical
computer-spreadsheet model, CAirTOX.  CAirTOX was recently developed for
the California Air Resources Board and the State of California Office of
Environmental Health Hazard Assessment, and it includes improvements over
prior models for pathway distribution.  The inhalation pathway was confirmed
by the CAirTOX model to account for virtually all of the estimated exposure.

Potential carcinogenic risk and noncarcinogenic hazard resulting from the
emission of the waste chemicals of concern were characterized largely based on
CAL/EPA’s Preliminary Endangerment Assessment (PEA) Guidance Manual and Air
Toxics “Hot Spots” Program Risk Assessment Guidelines.  The contribution to risk
from emissions of radionuclides to air was based on National Emissions
Standards for Hazardous Air Pollutants (NESHAPs) dose calculations required
by federal regulation.  In all cases, risk and hazard were evaluated at the
maximum anticipated operating levels, so that the risk and hazard estimates
represent upper-bound values.

The objective of this health risk assessment was to evaluate the waste
management operations identified in the Part B permit application for potential
incremental excess lifetime cancer risk and noncancer health effects to MEIs.  The
estimated excess offsite cancer risk from volatile chemical constituents emitted
from Areas 514 and 612 together was found to be less than 1 × 10−6.  For the two
adult onsite exposure scenarios, the estimated excess cancer risk was as high as
3 × 10−5.  The hazard indices from volatile chemical constituents emitted from
Areas 514 and 612 together are all less than 1.0, and they range from 5 × 10−1 to
1 × 10−4.  These cancer risks and noncancer hazard indices are all within
generally acceptable levels.
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The evaluation of potential acute noncancer health effects on the basis of
reference exposure levels indicates that it is unlikely individuals offsite would
experience any acute health effects from short-term exposure to peak emissions
from the facilities. Due primarily to Laboratory compliance with institutional
operational controls for protection of worker health and safety, individuals onsite
also are unlikely to be subject to acute health effects from peak emissions.

The contribution to risk from emissions of radionuclides to air was obtained by
multiplying the NESHAPs-calculated dose by the International Commission on
Radiological Protection risk factor of 0.05 per Sievert. There are no risks from
emission of radionuclides in excess of 1 × 10−6.  The combined excess, offsite
cancer risk from radioactive and nonradioactive materials is also less than
1 × 10−6 using the highest calculated risk values from each type of material.

On the basis of the analyses performed, the risk and the hazard due to the
continued operation of the HWM Division facilities, even at maximum
throughput conditions, are expected to be below levels considered acceptable in
the regulatory literature.
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Section I. Introduction

I.1 Purpose and Description

Lawrence Livermore National Laboratory (LLNL) is a U.S. Department of Energy
(DOE) facility, located in Livermore, California.  It is operated by the University of
California (UC) and DOE and serves as a national resource of scientific, technical, and
engineering capability.  Laboratory activities are focused on national security, energy,
the environment, biomedicine, economic competitiveness, and science and mathematics
education.  LLNL comprises two sites:  the main Livermore site (Main Site) and Site 300.
The Main Site occupies an area of 1.27 square miles (3.28 square kilometers) on the
eastern edge of Livermore.  Site 300, LLNL’s experimental testing site, is located
13 miles (24 kilometers) to the east in the Altamont Hills and occupies an area of
11.7 square miles (30.3 square kilometers) (Figure I-1).

LLNL has applied for a Hazardous Waste Storage and Treatment Permit for its
hazardous waste management facilities at the Main Site.  These facilities are operated by
LLNL’s Hazardous Waste Management (HMW) Division in the Environmental
Protection Department (EPD).  Because HWM operates Miscellaneous Treatment Units,
as defined by Title 22 of the California Code of Regulations (CCR), Article 66264.600, a
health risk assessment for these HWM operations must be completed pursuant to
22 CCR 66264.601(c).  For completeness, LLNL has included all of HWM’s Main Site
operations in the permit application by this Health Risk Assessment (HRA).
Specifically, this HRA addresses only those facilities that can produce atmospheric
emissions.

I.1.1 Facility Status

The facilities are presently operated under interim status pursuant to the Resource
Conservation and Recovery Act (RCRA).

LLNL’s hazardous waste management operations are subject to federal, state of
California, regional, and local environmental laws and regulations.  LLNL has
submitted a RCRA Part B permit application to the state of California for continued
operation of its hazardous waste management units and expects to be issued a final
permit in Fiscal Year 1996.  The RCRA Part B permit application, dated March 1, 1994,
and on file at the Department of Toxic Substances Control (DTSC) of the California
Environmental Protection Agency (CAL/EPA), provides detailed descriptions of the
waste generated at LLNL and the waste management units.

As part of the RCRA permitting process, LLNL is required to conduct a health risk
assessment to examine the potential health impacts to the surrounding community from
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the treatment of hazardous and mixed waste in miscellaneous treatment units.  This
document presents the results of this risk assessment.

I.1.2 Methodology

This HRA was prepared in accordance with procedures and guidelines set forth by
DTSC (CAL/EPA/DTSC, 1994) and the Bay Area Air Quality Management District
(BAAQMD).  It addresses the risk associated with the hazardous and radioactive
properties of chemicals handled at LLNL’s Main Site hazardous waste management
units.  Additional information on assessment procedures was obtained from the
California Air Pollution Control Officers Association’s Air Toxics  “Hot Spots” Program,
Revised 1992 Risk Assessment Guidelines (CAPCOA, 1993).

By following these procedures, this HRA presents a health-conservative analysis of a
hypothetical Maximally Exposed Individual (MEI) potentially receiving a reasonable
maximum exposure.  The MEI at the point of maximum residential exposure is assumed
to reside at this location for 30 years.  Another exposure scenario that was evaluated
focused on MEI workers immediately offsite LLNL and MEI workers 33 feet (10 meters)
from the source onsite.  For these worker scenarios, the exposure was assumed to be
25 years, 8 hours per day, and 250 days per year.  Finally, exposures were also
evaluated for MEI children at a hypothetical day care center in the nearest residential
neighborhood.

The HRA was developed using modeling of throughput capacities for the LLNL
hazardous waste management units that reflect maximum annual quantities, as stated
in the RCRA Part A application.  In actual operations, yearly throughputs have been
less than these maximum annual quantities.  The HRA, therefore, evaluates assumed
volatile emissions from hazardous waste management units in excess of historical
processing rate emissions.  The ability to model the HRA with throughputs greater than
the historical processing rates allows LLNL to estimate the potential risk resulting from
increasing the treatment volumes to permitted maximums.  If the HRA were based on
actual historical processing rates, the resulting estimate of risk would be lower than the
risks presented in this HRA.

The estimate of risk presented in this HRA is expressed in terms of the risk to human
populations.  In addition, a qualitative assessment of the potential risks to ecological
resources is included in Appendix A.

I.2 Organization of the Health Risk Assessment

Section II of this HRA provides a general description of the Main Site’s hazardous
waste management facilities that have the potential to contribute to risk.  Section III
discusses the development of the lists of chemicals that could potentially be emitted
from operations and explains how those chemicals were screened to determine which
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compounds should be the subject of the health risk assessment.  Section IV provides a
discussion of the air dispersion modeling and the selection of maximally exposed
individuals.  Subsequent sections deal with exposure pathway analysis (Section V),
quantification of human exposures to contaminants (Section VI), and prediction of
health risks (Section VII).  The interpretation of the results in terms of conservatisms
and uncertainties is also presented in Section VII.  Appendices supporting the
document include Appendix A, Assessment of Potential Risks to Ecological
Resources; Appendix B, LLNL Wastewater Discharges to the Sanitary Sewer;
Appendix C, Tables of Data Supporting Source Term Assessment; Appendix D,
Henry’s Law Constants; Appendix E, Calculation Description for Estimation of
One-Hour Maximum Volatile Organic Emission Rates; Appendix F, Dispersion
Model Input Data and Sample of Meteorological Data; and Appendix G,
Natural and Man-Made Radiation.  Additional supporting data regarding waste
streams is found in Data Supporting the 1995 Health Risk Assessment for Hazardous and
Mixed Waste Management Facilities at LLNL (LLNL, 1995).

I.3 References

California Air Pollution Control Officers Association (CAPCOA).  1993.  CAPCOA Air
Toxics “Hot Spots” Program, Revised 1992 Risk Assessment Guidelines.  Toxics
Committee of the California Air Pollution Control Officers Association (CAPCOA),
in consultation with the Air Toxicology Unit, Air Toxicology and Epidemiology
Section, Office of Environmental Health Hazard Assessment, and the Special
Projects Section, Toxic Air Contaminant Identification Branch, Air Resources Board,
Sacramento, CA, October.

Lawrence Livermore National Laboratory.  1995.  Data Supporting the 1995 Health Risk
Assessment for Hazardous and Mixed Waste Management Facilities at LLNL.   Lawrence
Livermore National Laboratory, Livermore, CA, UCRL-AR-122091.

State of California, Department of Toxic Substances Control, Environmental Protection
Agency.  1994.  Preliminary Endangerment Assessment Guidance Manual.   Department
of Toxic Substances Control, Environmental Protection Agency, State of California,
Sacramento, CA, January.

I.4 Acronyms

BAAQMD Bay Area Air Quality Management District

CAL/EPA California Environmental Protection Agency

CAPCOA California Air Pollution Control Officers Association

CCR California Code of Regulations
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DOE U.S. Department of Energy

DTSC Department of Toxic Substances Control

EPD Environmental Protection Department

HRA Health Risk Assessment

HWM Hazardous Waste Management

LLNL Lawrence Livermore National Laboratory

MEI Maximally Exposed Individual

RCRA Resource Conservation and Recovery Act

UC University of California
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Figure I-1.  Regional site of Lawrence Livermore National Laboratory.
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Section II. Facility Design

II.1 Waste Management Operations at LLNL

Hazardous, radioactive, and mixed wastes generated at LLNL’s Main Site are managed
by the HWM Division in accordance with state and federal waste regulations.  HWM
Division staff process, store, package, solidify, treat, and/or prepare waste for offsite
shipment and disposal, recycling, or controlled discharge to the sanitary sewer.

II.2 Hazardous Waste Management Facilities at LLNL Main Site

LLNL presently operates five hazardous waste management facilities at the Main Site.
These are the Area 514 Facility, Area 612 Facility, Building 233 Facility, Building 693
Facility, and Building 419 Facility. The Area 514 Facility and the Area 612 Facility
include a total of 28 waste management units where hazardous, radioactive, and mixed
wastes are stored and/or treated.  The Area 514 Facility contains processing equipment
and storage areas for aqueous waste and solid waste treatment and storage units.  The
Area 612 Facility has liquid, solid, and gaseous waste storage units and the capability
for decontamination (e.g., vacuuming and wiping) and size reduction of solid wastes.

The Building 233 Facility and the Building 693 Facility are container storage units for
the storage of radioactive, hazardous, and mixed wastes in containers.  These units were
not considered emission sources in this risk assessment because the containers are not
opened while in storage, except for sampling activities.  The Building 280 dome will
replace the Building 233 Facility in the future and is also not considered an emission
source in this risk assessment for the same reasons as for Buildings 233 and 693.  The
Building 419 Facility includes inactive treatment units that are currently undergoing
regulatory closure. This nonoperating unit was not considered an emission source in
this risk assessment.  Figure II-1 shows the locations of the active hazardous waste
management facilities.

Table II-1 lists all of HWM Division’s interim status storage and treatment units at
LLNL’s Main Site.  The name of each unit and the categories of waste handled within
the unit are shown in the table.  Also designated is whether the unit produces emissions
of concern included in this risk assessment.  A determination and explanation of the
potential for emissions from each treatment unit are provided in this Section.

In the first subsection below, the overall flow of waste and waste management activities
is described.  The following subsections provide summarized descriptions of the two
HWM facilities, Areas 514 and 612, that transfer and treat hazardous, radioactive, and
mixed waste from which emissions have the potential to occur.  Figures II-2 and II-3
show the detailed layout of the hazardous waste management units comprising the
Area 514 Facility and the Area 612 Facility, respectively.
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II.3 LLNL Waste Management Operations

LLNL personnel are engaged in many diverse activities, and the nature of LLNL
research work produces waste with significant variations in form and composition;
consequently, the waste streams generated at LLNL display a range of chemical and
physical properties.  Section III, Source Term Assessment, describes the waste
compositions and the manner in which waste stream profiles were developed for this
risk assessment.  In the following subsections, general waste types are described
followed by an overview discussion of waste handling procedures.

II.3.1 Description of General Waste Types

In addition to nonhazardous, solid municipal refuse, LLNL research programs and
associated support organizations generate six categories of waste:  radioactive,
hazardous, mixed, medical, sewerable wastewater, and nonsewerable wastewater.
Radioactive waste includes low-levela and transuranica wastes. LLNL does not produce,
store, or treat any high-levela radioactive wastes.

Hazardous wastes generated at LLNL range from common household items, such as
fluorescent light bulbs, batteries, and paint, to research or industrial operations waste,
such as solvents, metals, cyanides, organic chemicals, and pesticides.  Mixed wastes are
defined as wastes that contain both a hazardous waste component regulated under
Resource Conservation and Recovery Act (RCRA) and a radioactive component
regulated under the Atomic Energy Act (AEA).

Medical waste is defined as solid waste generated in the diagnosis, treatment, or
immunization of human beings or animals; or in research, health treatment, or testing of
biologicals.  Medical waste has two broad categories—biohazardous and sharps.
Medical waste that also exhibits hazardous characteristics is considered hazardous
waste.  Biohazardous waste includes tissues, cultures, blood fluids, bandages, and
infectious agents.  If biohazardous waste is autoclaved—i.e., steam sterilized under
prescribed regulatory conditions which are designed to destroy infectious agents—the
waste becomes nonhazardous and can be disposed in municipal garbage.  LLNL
operates autoclaves onsite that conform with regulatory requirements and LLNL’s
medical waste treatment permit.  Sharps waste,  such as needles, scalpels, and broken
blood vials, still requires special handling even after autoclaving.  To meet these
requirements, LLNL sends its autoclaved sharps to an offsite, permitted facility for
disposal.  Other than temporarily storing and coordinating offsite shipment of closed
containers of medical waste, HWM does not otherwise treat or handle medical waste.
Medical waste does not contribute to emissions or to the estimated risk associated with
HWM activities.

Sewerable wastewater consists of sanitary waste and industrial waste having
constituents known to be below the concentration threshold requirements listed in the
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discharge permit issued to LLNL by the Livermore Water Reclamation Plant (LWRP).
Nonsewerable industrial wastewater is liquid waste that contains constituents at
concentrations above LLNL’s permitted sanitary sewer discharge limits but below
thresholds at which the wastewater is classified as hazardous.  This nonsewerable
wastewater is either treated to comply with sanitary sewer discharge limits, or it is
transported to an approved offsite facility for management.

The next subsections summarize the handling, storage, and treatment processes for
hazardous and mixed wastes from the point of generation through the management at
HWM facilities. No waste disposal occurs at the LLNL sites.  Waste is stored and/or
treated onsite and eventually shipped offsite for recycling, treatment, and/or disposal
at a facility permitted in the proper management of each particular waste stream.

II.3.2 Waste Generator Activities

At LLNL, individual waste generators (e.g., researchers in various programs and
support organizations outside of HWM Division) and HWM are responsible for waste
management.  The generator’s role is to segregate, identify, characterize, package, label,
document, and transfer waste to designated Waste Accumulation Areas (WAAs).
HWM staff assist the generators in many of the above activities and manage wastes
from pick-up until offsite disposition.

At the point of generation, LLNL wastes are identified, characterized, packaged, and
labeled.  Waste characterization is a declaration by the generator of chemical
constituents and physical characteristics of a waste based on process knowledge,
reference to published sources on waste composition, or determination by chemical
analyses.  The generator is responsible for providing all known information, including
the request of any necessary or required chemical analysis, needed to characterize waste
adequately.  HWM Division may also request that a waste be sampled and analyzed to
verify characterization.  Proper waste characterization enables safe handling and
disposal.  To avoid repeating the waste characterization process for each batch of a
consistent waste, waste profiles are developed for wastes that are generated routinely
and whose composition and chemical makeup are not expected to change.  These
profiles and related waste characterizations are reviewed at least annually.

The waste generator is responsible for packaging the waste so that it can be safely
transported and stored. Waste is segregated into separate containers according to
compatibility and opportunities for recycling. Segregation is required because some
chemicals may be highly reactive if mixed with others; also, improper mixtures may
require special analysis and disposal procedures, which can be costly and inefficient.
Radioactive wastes, including mixed waste, are segregated from nonradioactive wastes
and packaged separately by category.
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Waste being accumulated in containers at or near the point of generation must be kept
closed when the containers are not actively being used.  The filling of containers at the
point of generation typically produces negligible emissions because of the small
quantities involved and filling techniques employed.  Moreover, these generator
activities are not required by regulations to be covered by risk assessment.

The waste name, identifying constituents, characteristics, and any radionuclides in the
waste in each container are recorded on a waste label attached to that container.  If
additional data is developed concerning the waste, the information on the label is
updated.

To initiate waste tracking and the transfer of waste from the point of generation, a
numbered Waste Disposal Requisition (WDR) form is filled out by the waste generator.
The WDR contains the following applicable information: hazardous properties,
chemical and physical description, predominant hazardous constituents, accumulation
start dates, container size, radioactive contact and 1-meter readings, radioactive
certifications, waste minimization activities, Waste Source Code, and quantity.  The
information from each WDR form is entered into a database management system
maintained by HWM Division.

Containerized wastes are transferred from the point of generation to an assigned WAA
once the container:  1) has reached the applicable accumulation time or volume limit,
2) is properly labeled, and 3) is securely closed. Only wastes that have been properly
segregated, identified, and packaged may be stored in a WAA.  WAA storage is allowed
for up to 90 days from the workplace end date, (i.e., the last date of accumulation at the
point of generation). Within that 90-day time period, the waste will be transferred to the
suitable HWM facility.  At an HWM facility, the waste may be stored and/or treated
onsite and will eventually be shipped offsite for storage, recycling, treatment, and/or
disposal at a permitted facility.  Some waste may be shipped directly offsite from a
WAA to a permitted facility without first going through an HWM facility.

Aqueous waste is also accumulated onsite in fixed retention tanks for up to 90 days.
These tanks are operated as generator storage tanks and are not located inside any
HWM facility.  Aqueous waste from these generator tanks that does not meet sewer
discharge limits, is transferred to portable retention tanks or tanker trucks for transfer to
an HWM facility.  As with containers from WAAs, this waste may also be shipped
directly offsite for storage, recycling, treatment, and/or disposal at a permitted facility
without first going through an HWM facility.

Waste is transferred onsite by the transportation section of LLNL’s Supply and
Distribution program working in conjunction with HWM Division or with LLNL’s
materials management program.  Offsite transfers to permitted facilities are performed
by a registered hauler of the particular waste type.
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II.3.3 HWM Division Activities

Most containerized waste transferred to the onsite waste management facilities is
initially received in the Area 612 Facility, but waste may also be received for storage at
any of the other HWM facilities.  Most waste generated at LLNL that is transferred to an
HWM facility is simply stored pending offsite shipment.  Of all the waste received into
an HWM facility, 10% of the total number of WDRs is selected for verification screening.
The containers of waste listed on each selected WDR are opened or weighed upon
receipt at the facility to undergo verification screening.  This routine verification
procedure is mandated by the waste analysis plan portion of HWM facilities’ permit
application.  This procedure is intended to check whether the waste delivered matches
the characteristics described on the approved WDR, but it is not intended to
characterize the waste.  Waste must be adequately verified and approved for receipt by
HWM chemists prior to transfer from a generator location to an HWM facility. The
waste is visually inspected and/or sampled, but it is not disturbed or agitated in the
verification process.  Sampling may occur to test for pH or radioactivity, but laboratory
analysis of organic or inorganic analytes is not required for verification.

The containerized wastes are stored in a designated HWM storage facility until they are
transported offsite to a permitted facility or first treated onsite before offsite disposition.
Wastes are packaged in containers that meet the containment and waste compatibility
requirements of EPA regulations for storage and U.S. Department of Transportation
(DOT) regulations for transportation.  Some waste is bulked or transferred from one
container to another at the Area 612 Facility in preparation for shipment.  However,
most waste bulking occurs  at the Area 514 Facility, when wastes are blended in
preparation for treatment.  (Bulking is simply the commingling of compatible wastes
into larger containers to facilitate offsite disposition or to consolidate waste streams for
temporary storage prior to treatment.)  The facility descriptions below provide more
details about waste processing in the Area 514 and 612 Facilities.

II.4 Area 514 Facility

The Area 514 Facility is located in the southeast quadrant of LLNL near the Area 612
Facility (Figure II-1).  The Area 514 site contains ten existing treatment and storage
units and five proposed treatment units.  A layout of the Area 514 Facility is shown in
Figure II-2.

Waste streams treated in the Area 514 Waste Water Treatment Tank Farm are the same
waste streams that may be treated, mixed, or stored in the bulking station; 25,000-gallon
(95,000-liter) storage tank (or proposed replacement storage tanks); the filtration units
(also known as the Dorr-Oliver); and/or the proposed Area 514-1 treatment units.
Evaporative losses during bulking, filtration, or storage were taken into account in this
HRA, as discussed in Section III.
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The health risk assessment addresses a maximum of 250,000 gallons (950,000 liters) per
year of aqueous waste containing volatile organic chemicals, as well as volatile
inorganic mercury, being treated in the Area 514 Waste Water Treatment Tank Farm
and ancillary equipment.  This potential combination of volatile substances is referred
to as volatile organic compounds, even though inorganic mercury is included.  An
administrative limitation will be placed on operations to limit treatment of aqueous
waste containing volatile organic waste to 250,000 gallons (950,000 liters) per year.
Other wastewater that does not contain volatile organic compounds, such as rainwater
from secondary containment berms, may be treated but will not be counted within the
250,000-gallon (950,000-liter) limit.

II.4.1 Building 513

Building 513, located in the south end of the Area 514 Facility (Figure II-2), houses two
treatment units, a solidification unit, a shredding unit, and a container storage area.
Building 513 has a total floor area of 3,430 square feet (319 square meters).  A self-
contained process optimization and treatability laboratory is also located in
Building 513 near the solidification unit.  The treatability laboratory is used to perform
preliminary treatment effectiveness analysis (before final, state-certified laboratory
analysis), develop process improvements at a test-scale level, and/or perform bench-
scale treatment under state and federal treatability requirements and quantity
limitations.  Only small quantities are tested in the treatability laboratory.  Because these
laboratory operations are not required to be included in the HWM permitted activities,
they were not included in this risk assessment.

II.4.1.1 Building 513 Solidification Unit

The Building 513 Solidification Unit is designed to solidify hazardous and/or mixed
wastes by means of various chemical reactions (e.g., hydration, cementation), thereby
minimizing the leaching of hazardous and radioactive constituents from the waste
matrix into the environment.  The unit includes a double planetary drum mixer to
combine the stabilizing agents with the waste stored in 55-gallon drums.  Other pieces
of the unit include  a portable mixer used for containers less than 55 gallons in size, a
portable drum tumbler, and a portable drum roller.

All of the waste treated in this unit in prior years was generated from other Area 514
treatment processes; consequently, the emissions from the treatment of these wastes
were accounted for in the risk assessment of the other Area 514 treatment units.  In the
future, waste from other operations may be solidified in this unit.  These other types of
wastes, such as inorganic solutions and sludges, contaminated soils, laboratory trash,
high-efficiency particulate (HEPA) filters, and other debris, are not expected to contain
appreciable quantities of volatile organic compounds.  Therefore, the  potential future
emissions from wastes not generated in Area 514, but suitable for treatment in this unit,
were not included in this risk assessment.



Part B, Health Risk Assessment II-7 November 1995

II.5.1.2 Building 513 Shredding Unit

The Building 513 Shredding Unit (Room 1002) is used to cut solid wastes into smaller
pieces for volume reduction and to facilitate packaging and consolidation.  Free liquids
are not present in the wastes shredded in this unit.   The types of wastes typically
treated in this unit are laboratory trash (plastic, metal, paper, cotton, wood, and glass),
HEPA filters, scrap metal pieces, and empty containers or drums.  Particulate emissions
from this unit are controlled by HEPA filters.  This unit  is used very infrequently and
was not a source of emissions in this risk assessment.

II.4.2 Area 514 Container Storage Units

In addition to the Building 513 Container Storage Unit, the Area 514 Facility has three
other container storage units:  Area 514-1 Container Storage Unit, Area 514-2 Container
Storage Unit, and the Area 514-3 Container Storage Unit.  These three container storage
units have a combined total design capacity of 46,530 gallons (176,100 liters).
Containers are not opened while in storage, except for sampling activities; therefore,
storage of wastes in these areas was not considered a source of emissions for this risk
assessment.

II.4.3 Area 514 Storage Tank (514-R501)

The Area 514 Storage Tank 514-R501 Unit (Tank 514-R501) is located outdoors on the
west side of the Area 514 Facility, north of Building 513 and south-southwest of the
Area 514 Waste Water Treatment Tank Farm (Figure II-2).  Tank 514-R501 stores
hazardous, radioactive, and mixed wastewaters that contain trace metals, oils, solvents,
and other organic compounds.

This unit consists of one fiberglass-resin tank and ancillary equipment, such as piping, a
level indicator, an overfill cutoff, high-level alarm, and secondary containment. Tank
514-R501 is a flat-bottom, vertical tank; and it is supported on a concrete foundation
with sealed masonry blocks providing secondary containment.  The design capacity of
the storage tank is 25,000 gallons (95,000 liters); however, administrative controls are in
place that limit the storage capacity to 13,500 gallons (51,100 liters).

HWM Division proposes to replace the single storage tank with four smaller tanks, each
with a capacity of 4,600 gallons (17,000 liters) to be called the Area 514 Storage and
Treatment Quadruple Tank Unit.  These tanks will be used in a similar manner to the
current usage of the single, large tank, but the use of multiple, smaller tanks will allow
for more operational flexibility in storage and treatment of waste streams.  The new
tanks will also be equipped with emission control equipment; however, no credit was
taken for the controls in this risk assessment. Neither the existing tank nor the new
tanks were considered separate emission point sources in this risk assessment.  Instead,
the emissions were considered part of the Area 514 Waste Water Treatment Tank Farm
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emissions because the same waste is stored in or passes through both storage and
treatment units.

II.4.4 Area 514 Waste Water Treatment Tank Farm Unit

The Area 514 Waste Water Treatment Tank Farm Unit (tank farm) is centrally located in
the Area 514 Facility just south-southeast of Building 514 (Figure II-2). It consists of six
1,850-gallon (7,000-liter) tanks and ancillary equipment, such as pumps, mixers, probes,
and the bulking station.  The vertical, conical-bottom, cylindrical tanks are equipped
with high-level alarms, high-level interlocks, and mixers. Each tank has a working
treatment capacity of 1,390 gallons (5,260 liters).

The tank farm is designed to store and treat aqueous waste that may contain trace
amounts of metals, oils, radionuclides, solvents and other organic compounds.  The
liquid wastes arrive at the Area 514 Facility in portable tanks and containers.  The
bulking together of different, but compatible, waste streams is first planned and
approved by appropriate HWM departments.  Portable tanks are pumped directly into
the treatment and storage tanks.  Wastes in containers, such as 55-gallon drums and
5-gallon carboys, are bulked together and transferred to the treatment or storage tanks
via the bulking station. Piping systems allow pipeline transfer of wastes to and from
each tank, to and from the Area 514 Storage Tank 514-R501 Unit, to and from the
Area 514 Waste Water Filtration Unit, and to and from containers.  Once the new Area
514-1 treatment units are installed, piping connections will be made from the Area 514-1
units to the tank farm and Tank 514-R501.

The bulking, mixing, and treatment of aqueous wastes in the tank farm and related
equipment were the primary source of emissions considered in this risk assessment.

The wastewater treatment is performed to remove hazardous and/or radioactive
constituents from the wastewater and to achieve sanitary sewer discharge limits.
Following treatment, the wastewater is discharged to the LWRP via the sanitary sewer
in accordance with permitted discharge limits.

Currently, the principal treatment technique for aqueous radioactive and mixed waste
at the Area 514 Facility is chemical precipitation followed by vacuum filtration through
diatomaceous earth on a rotary drum filter.  Treatment objectives are achieved by
pumping or pouring reagents, chemicals, and waste into one of the tank farm tanks
during mixing.  Once adequate mixing is achieved, the batch is either filtered using the
Area 514 Waste Water Filtration Unit, removed from the tank, or allowed to separate
prior to removal. Subsequent additions of reagents or wastes to the tank are done (if
necessary), and the filtering process is repeated as many times as necessary to achieve
desired treatment standards.  The contaminated filter cake is collected in drums for later
treatment in the solidification unit and eventual offsite disposition. The future 514-1
treatment units will use different treatment techniques as discussed in Section II.4.7.
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II.4.5 Area 514 Waste Water Filtration Unit

The Area 514 Waste Water Filtration Unit (also known as the Dorr-Oliver) is located in
Room 108, in the east portion of Building 514 (Figure II-2). The Dorr-Oliver is a
filtration system used to remove precipitates, suspended solids, or particulates from
aqueous wastes.  All of the wastes to be filtered must originate from and go back into
the Waste Water Treatment Tank Farm.  Because the same waste that is filtered in the
Dorr-Oliver must pass through the tank farm, and 100% emissions of volatile organic
compounds are considered for all of the waste passing through the tank farm, any
emissions from filtration were already included in the total.  In other words, the
filtration unit was considered ancillary equipment to the tank farm and was not an
additional source of emissions.

After each pass through a filtration cycle, waste is tested for conformance to
sanitary-sewer discharge limitations.  If any constituent of concern is above the
concentration listed in the discharge permit issued by the LWRP, the wastewater
undergoes additional tank treatment and is sent through the Dorr-Oliver again.  This
sequence is repeated until sanitary-sewer discharge limitations are satisfied.

The Dorr-Oliver uses a rotating vacuum drum filter and auxiliary equipment. At
startup, a slurry is prepared that consists of potable water and “clean” filter media, such
as diatomaceous earth. Both filter media and water are introduced into the pre-coat
tank, where the material is allowed to mix until a slurry develops on the outside of the
drum due to a vacuum created on the inside of the rotating drum.  Wastewater contacts
the exterior of the filter cake and is drawn inside the drum for pumping back to a
storage tank in the tank farm.  Approximately 100 gallons (380 liters) of water from the
pre-coat tank and approximately 70 gallons (260 liters) of water from the filter basin are
added to the waste stream each time a filtering pass is made.  This addition of volume
to the waste stream is an important consideration when checking the quantities treated
recorded in HWM’s database against discharge records.  This quality control checking
procedure is discussed in the Source Term Assessment in Section III.

Filter cake is continuously scraped from the rotating drum during treatment and is
collected in a 55-gallon drum.  This filter cake is the sludge waste solidified in the
Building 513 Solidification Unit.  Once stabilized in Building 513, the filter cake is
checked, sampled, and certified for shipment and disposal offsite or storage onsite until
it is shipped offsite to a suitable permitted offsite disposal facility.

II.4.6 Building 514 Silver Recovery Unit

A small Silver Recovery Unit is housed in Room 105 on the south side of Building 514
(Figure II-2).  The unit consists of five tanks and two ion exchange cartridges.  No
hazardous wastes are stored in Room 105 other than that contained in the small
treatment tanks. The liquid waste originates from LLNL photographic processing shops
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and typically contains recoverable levels of silver, usually in a fixer solution containing
ammonium thiosulfate or sodium thiosulfate.  Only the amount of photochemicals that
can be treated in one batch are transferred to Room 105 from a storage area.  This low-
flow process does not generate mists, and the aqueous wastes do not contain significant
concentrations of volatile organic chemicals.  All of the chemicals associated with this
unit were screened from further consideration because they do not contribute to the
estimated risk.  Section III provides further information regarding this potential source
of emissions.

II.4.7 Future Area 514-1 Treatment Units

There are five new treatment units proposed at the Area 514 Facility.  They will be
located in the Area 514-1 Container Storage Unit.  The five, new aqueous waste
treatment units are as follows:  Area 514-1 Tank Blending Unit, Area 514-1 Portable
Tank Blending Unit, Area 514-1  Cold Vapor Evaporation Unit, and Area 514-1
Centrifugation Unit.  An emission-control device, known as the Area 514-1 Carbon
Adsorption Unit (carbon adsorption unit), is also proposed.  All emissions from the
waste treatment units will all be passed through the Carbon Adsorption Unit; however,
no credit was taken in this HRA for the controls and reduction in overall emissions to be
realized using the proposed treatment units and carbon adsorption unit.  Expected
emissions from these units, without emission controls, were estimated and were
included in this risk assessment as part of the 514 Waste Water Treatment Tank Farm
ancillary equipment.

II.4.7.1 Area 514-1 Tank Blending Unit

The Area 514-1 Tank Blending Unit (tank blending unit) will be used to safely
consolidate aqueous waste and to chemically prepare the waste for treatment by other
units, if necessary.  The tank blending unit is a 100-gallon (380-liter) capacity, conical-
bottom tank.  It has a closed top to prevent escape of any off-gases and to route off-
gases to the carbon adsorption unit.  The tank lid  is  designed with a series of inlets and
outlets to allow transfer of the waste and reagents into the tank, and to allow access for
pH, temperature, and high-liquid level probes to monitor the blending process.
Emissions from this blending unit will be routed to the carbon adsorption unit.

II.4.7.2 Area 514-1 Portable Blending Unit

The Area 514-1 Portable Blending Unit is stationed on standard portable containers in
which the blending is performed.  The unit is used to safely consolidate liquid wastes
and to chemically prepare the waste for other treatments, if necessary.  Emissions from
this blending unit will be routed to the carbon adsorption unit.

II.4.7.3 Area 514-1 Centrifugation Unit

A multipurpose Area 514-1 Centrifugation Unit provides flexibility for the diverse
HWM Division waste streams because it separates solid particles in addition to light
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and heavy liquid phases based on the densities of the materials.  The centrifuge will
primarily separate hazardous components that may be present in aqueous waste
streams, and the hazardous components will be further treated by the evaporation unit
or blending units.  Emissions from this unit will be routed to the carbon adsorption unit.

II.4.7.4 Area 514-1 Cold Vapor Evaporation Unit

The Area 514-1 Cold Vapor Evaporation Unit (evaporation unit) is designed to remove
water from hazardous and mixed waste components, such as precipitates and
suspended and dissolved solids.  The feed to the evaporation unit will be from a tank or
container.  The process evaporates the liquid phase (water), condenses it, and
discharges it to an appropriate tank or holding container. This water is sampled and
may be discharged to the sanitary sewer if concentrations are below the discharge
limitations.  The concentrate (evaporator bottoms) is discharged to an appropriate
holding container where it is held for further treatment, such as stabilization or
solidification. The evaporator vacuum discharge contaminants are vented to the carbon
adsorption unit.

II.4.7.5 Area 514-1 Carbon Adsorption Unit

The Area 514-1 Carbon Adsorption Unit will remove volatile organic components in the
air stream resulting from the processing of liquid waste in the four Area 514-1 treatment
units.  Two carbon canisters will be placed in series with emission monitoring
equipment operated as required by the BAAQMD permit anticipated for the units.  The
Carbon Adsorption unit can also be used independently as a “miscellaneous unit” to
capture contaminants in off-gases from containers or gas cylinders.

II.5 Area 612 Facility

The Area 612 Facility is located in the southeast quadrant of the LLNL Main Site east of
the Area 514 Facility (Figure II-1).  The facility is primarily used to store waste, but
limited solid waste consolidation and the transfer and bulking of aqueous waste do
occur there.  A layout of the Area 612 Facility is shown in Figure II-3.  The treatment
processes conducted at the Area 612 Facility are empty drum crushing, bulking, and the
decontamination (e.g., vacuuming and wiping) and size reduction of contaminated
equipment and debris.  The majority of waste handled in the Area 612 Facility arrives in
a sealed container, is stored, and is eventually shipped offsite without ever being
opened at the facility.  Exceptions are for bulking, transferring, and opening of
containers for verification screening and quality assurance.  All permitted and interim
status Treatment, Storage, and Disposal Facilities (TSDFs) must perform some level of
verification screening per regulatory and permitting requirements.

The facility consists of a fenced area approximately 243 feet (74 meters) wide by 547 feet
(167 meters) long and contains 13 waste management units (Figure II-3).  Ten units are
storage units for containers, tank trailers, or portable tanks.  These units are designated
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with the following names:  the Building 612 Container Storage Unit, Building 612 Lab
Packing/Packaging Container Storage Unit, Building 614, Building 625 Container
Storage Unit, Area 612 Portable Tank Storage Unit, Area 612 Tank Trailer Storage Unit,
Area 612-4 Receiving, Segregation, and Container Storage Unit, Area 612-2 Container
Storage Unit, Area 612-5 Container Storage Units, and 612-1 Container Storage Units.

The storage units consist of either buildings, tents, or bermed areas where drums,
smaller containers, or portable tanks are stored pending onsite treatment and eventual
offsite disposition.  One storage unit is also used for lab packing and packaging, but it
was not a source of emissions in the risk assessment because the items “lab packed” are
not opened but are “overpacked.”  The process of lab packing involves preparing small
containers of compatible chemicals for disposal by arranging them in adsorbent
material inside larger, overpack containers for eventual offsite disposition.

The remaining two units in the Area 612 Facility—the Area 612 Drum/Container
Crushing Unit and the proposed Area 612 Size Reduction Unit—are both located in
Building 612 and are described below.  The crushing of empty drums does not produce
emissions, and the proposed size reduction activities are not expected to produce
emissions.  Transferring and bulking are performed in the Area 612 Facility and were
considered an emission source in this risk assessment.  The Area 612 bulking operations
are also described below.

II.5.1 Building 612 Drum/Container Crushing Unit

The Building 612 Drum/Container Crushing Unit (drum crusher) is located in
Room 100 in the western portion of the Building 612 Container Storage Unit.  The drum
crusher is used intermittently to compact empty and dry, non-reusable drums and
containers not exceeding 55 gallons that previously contained wastes.  Reducing these
empty drums and containers to a smaller size facilitates packaging, storage, and
consolidation for offsite disposal. The installation of a second, very similar drum
crusher has been proposed.

No volatile organic compounds are associated with the drums/containers to be
crushed, nor are there any volatile organic compounds introduced as part of the
crushing process.  This is strictly a mechanical process.  During compaction, a blower
pulls air from the chamber and through a HEPA filter to remove any solid particulates.
No vapor or gaseous air emissions are expected to be generated from this process, and
the HEPA filter provides abatement for any airborne particulate material; therefore, this
unit was not considered to be an emission source in this risk assessment.

II.5.2 Building 612 Size Reduction Unit

On an intermittent basis, contaminated equipment will be decontaminated and/or
reduced in size in the proposed Building 612 Size Reduction Unit (size reduction unit).
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The unit will be constructed in the central and eastern portions of Room 100 in
Building 612.  Primarily, it will be used to handle solid waste.

The size reduction unit consists of a booth in which waste items, such as sheet metal
hoods and mechanical equipment, can be dismantled and reduced in size  with various
cutting implements, such as a hacksaw or cutting torch.  No volatile organic compounds
are associated with the items to be reduced in size, nor are there any volatile organic
compounds introduced as part of the reduction process.  The closed booth will be
vented to create a negative pressure and the air suction/venting system will be
equipped with a series of HEPA filters.  No air emissions are expected to be generated
from these processes, and the HEPA filters provide abatement for any airborne
particulate material; therefore, this unit was not considered to be an emission source in
this risk assessment.

II.5.3 Bulking Activities in the Area 612 Facility

HWM waste shipped offsite in vacuum tankers originate from the Area 612 Facility.
The bulking together of different waste streams is first planned and approved by
appropriate HWM staff.  An empty tanker arrives at the 612 Facility and is positioned
adjacent to one of the container or portable tank storage units.  The tanker truck may or
may not be equipped with emission control equipment, such as a carbon adsorption
system.  Waste from containers and portable tanks is transferred into the tanker by the
vacuum suction line (stinger) on the tanker or by an external pump with submerged-fill
discharge into the tanker.  For the purposes of the risk assessment, it was assumed that
the displaced air, potentially containing volatile organic compounds in gaseous or
vapor form, is dispersed directly to the atmosphere from the top of the tanker truck,
without emission control other than submerged-fill discharge.  As with other processes,
historical records were tabulated to formulate the list of compounds potentially
released, i.e., the source term, as described in Section III.  The Area 612 Facility bulking
source term was included in the risk assessment.

II.6 Wastewater Discharges to the Sanitary Sewer

Sanitary sewage and some industrial wastewaters from LLNL are discharged to the
LLNL wastewater collection system and are ultimately treated by the publicly-owned
LWRP.  Some LLNL wastewater streams are held temporarily in retention tanks until
they are approved for discharge to the collection system.  The quality of the wastewater
discharged is regulated by federal and state agencies, and, more specifically, by the
LWRP through the pre-treatment standards contained in the LWRP wastewater
discharge permit issued to LLNL.  Wastewater discharged to the sanitary sewer was not
considered a source of emissions for this risk assessment.  LLNL has a number of
procedures and engineering controls in place in order to ensure the continuous quality
of wastewater discharged to the collection system and the LWRP.  These control
measures are discussed in detail in Appendix B.
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II.7 Summary of Risk Assessment Emission Sources

In summary, the sources of emissions for the risk assessment are from the Area 514 and
Area 612 Facilities.  The Area 514 Facility currently treats RCRA hazardous, mixed, and
non-RCRA hazardous wastes in treatment units that are open to the atmosphere.  The
risk assessment assumes that all of the volatile organic compounds contained in the
waste treated by the facility are emitted to the atmosphere.  The new Area 514-1 units
will treat a portion of the wastes received at the Area 514 Facility, with a reduction in
emissions to the atmosphere; however, credit was not taken in this risk assessment for
that reduction attributable to the abatement devices.

The Area 612 Facility receives RCRA hazardous, mixed, and non-RCRA hazardous
wastes in containers, the majority of which are not opened to the atmosphere.  During
the process of bulking or transferring wastes at the Area 612 Facility, containers are
opened, mixing occurs and volatile organic chemicals have the potential to be emitted to
the atmosphere.  The specific storage or treatment units, that are emission sources for
the risk assessment, are noted in Table II-1.

a Definitions from DOE Order 5820.2A, Attachment 2

Low-level  waste — Waste that contains radioactivity and is not classified as high-level waste, transuranic
waste, or spent nuclear fuel or 11e(2) byproduct material as defined by this Order.  Test specimens of
fissionable material irradiated for research and development only, and not for the production of power or
plutonium, may be classified as low-level waste, provided the concentration of transuranic nuclides is
less than 100 nCi/g.
Transuranic Waste — Without regard to source or form, waste that is contaminated with alpha-emitting
transuranium radionuclides with half-lifes greater than 20 years and concentrations greater than
100 nCi/g at the time of assay.  Heads of Field Elements can determine that other alpha-contaminated
wastes, peculiar to a specific site, must be managed as transuranic waste.
High-Level Waste — The highly radioactive waste material that results from the reprocessing of spent
nuclear fuel, including liquid waste produced directly in reprocessing and any solid waste derived from
the liquid, that contains a combination of transuranic waste and fission products in concentrations
requiring permanent isolation.
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Table II-1.  HWM Division Main Site storage and treatment units.

Name of Storage or
Treatment Unit

Location of
Unit in Area

Facility
Waste Typesa

Compatible with Unit

Physical State of
Wastes Handled

in Unit

Risk
Assessment

Emission
Source

Building 233 Container
Storage Unit

Building 233
Facility

RCRA hazardous, mixed, non-
RCRA hazardous (TRU)

Solid No

Building 513 Solidification
Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid Yes

Building 513 Shredding
Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Solid No

Building 513 Container
Storage Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid Yes

Building 514 Silver
Recovery Unit

Area 514
Facility

RCRA hazardous, non-RCRA
hazardous

Liquid, solid Yes

Area 514 Waste Water
Filtration Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid Yes

Area 514 Waste Water
Treatment Tank Farm Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, Solid Yes

Area 514 Storage Tank 514-
R501 Unit (25,000-gallon
Storage Tank)

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid Yes

Area 514-3 Container
Storage Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid No

Area 514-1 Container
Storage Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid, gas No

Area 514-2 Container
Storage Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid No

Area 514-1 Tank Blending
Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, gas Yes

Area 514-1 Portable
Blending Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, gas Yes

Area 514-1 Carbon
Adsorption Unit

Area 514
Facility

RCRA hazardous , mixed,
non-RCRA hazardous

Liquid, gas Yes

Area 514-1 Centrifugation
Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, gas Yes

Area 514-1 Cold Vapor
Evaporation Unit

Area 514
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, gas Yes

Area 612-4 Receiving,
Segregation, & Container
Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous (TSCA)

Liquid, solid, gas Yes

Area 612 Portable Tank
Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid Yes
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Table II-1.  HWM Division Main Site storage and treatment units (Cont’d).

Name of Storage or
Treatment Unit

Location of
Unit in Area

Facility
Waste Typesa

Compatible with Unit

Physical State of
Wastes Handled

in Unit

Risk
Assessment

Emission
Source

Area 612 Tank Trailer
Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solids Yes

Area 612-1 Container
Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous (TRU)

Solid No

Area 612-5 Container
Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous (TRU)

Solid No

Building 612 Lab Packing/
Packaging Container
Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid, gas No

Building 612 Drum/
Container Crushing Units

Area 612
Facility

Unit 1:  RCRA hazardous,
non-RCRA hazardous (as well
as nonhazardous).
Unit 2:  Mixed

Solid No

Building 612 Size Reduction
Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid, gas No

Building 612 Container
Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid, gas Yes

Building 614 West Cells
Container Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid, gas Yes

Building 614 East Cells
Container Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid, gas Yes

Area 612-2 Container
Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous

Liquid, solid Yes

Building 625 Container
Storage Unit

Area 612
Facility

RCRA hazardous, mixed, non-
RCRA hazardous (TRU, TSCA)

Liquid, solid Yes

Building 693 Container
Storage Unit

Building 693
Facility

RCRA hazardous, mixed, non-
RCRA hazardous (TSCA)

Liquid, solid, gas No

Building 419 Size Reduction
Unit.  (Closure Plan
submitted for unit)

Building 419
Facility

N/A

Unit not in operation

N/A

Unit not in
operation

No

Building 419 Solidification
Unit.  (Closure Plan
submitted for unit)

Building 419
Facility

N/A

Unit not in operation

N/A

Unit not in
operation

No

N/A indicates Not Applicable
aNon-RCRA hazardous waste means California-only hazardous waste. “Mixed” includes only waste
characterized or listed according to RCRA, 40 CFR Part 261 as hazardous that also has a radioactive
constituent. TRU indicates Transuranic radioisotope may be present in mixed waste. TSCA indicates
wastes may also be regulated under the Toxic Substances Control Act.
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Figure II-1. Site plan showing active Hazardous Waste Management treatment and
storage facilities
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Section III.  Source Term Assessment

Two related factors affect the potential for human exposure to chemical compounds in
the waste streams managed at HWM Division facilities.  These two factors are the
quantities of chemicals released to the environment and the distribution of the released
chemicals in the environmental media (i.e., air, water, soil).  The quantities released are
contingent upon the initial quantity of each specific chemical in the waste streams and
on the physical and chemical properties of these chemicals.  Chemical quantities,
chemical properties, and potential for release to the atmosphere of chemicals from
waste management activities are the focus of this Section.  The distribution of released
chemicals in the environment is the subject of Sections IV and V.

Chemical emissions to the atmosphere may occur during the management of waste at
the HWM Division’s facilities.  Specifically,  chemical emissions may occur when waste
is directly exposed to the atmosphere.  Waste may be directly exposed to the
atmosphere when:

• Waste is transferred from one container to another.

• The contents of two or more containers are transferred to another
container (a process called “bulking”).

• Waste is blended and/or treated in waste management units that are open
or vented to the atmosphere.

As discussed in Section II, chemical emissions may occur where waste is directly
exposed to the atmosphere during operations at the following HWM facilities:

• Area 514 Facility

— Area 514 Wastewater Treatment Tank Farm Unit (Area 514 Tank Farm)
— Area 514 Storage Tank 514-R501 Unit
— Area 514 Waste Water Filtration Unit
— Building 513 Solidification Unit
— Building 514 Silver Recovery Unit
— The proposed 514-1 Carbon Adsorption Unit

• Area 612 Facility.

The pathways of waste through these facilities is shown schematically in Figure III-1.

For the purposes of this health risk assessment, the LLNL waste streams that are
considered to be directly exposed to the atmosphere are aqueous in nature, and the
chemical emissions  are considered to occur exclusively as a result of volatilization.
Escape of particulates from solution or from wetted solids or slurries (such as those
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found at the Area 514 treatment units in the filter cake which contain 35 to 65% water) is
not considered a viable mechanism for chemical emissions.  Consequently, metals and
other inorganic solids that are nonvolatile at ambient temperatures are excluded from
further consideration in this risk assessment.  Similarly, ionic inorganic salts that are
totally dissolved in aqueous solutions do not naturally escape into the atmosphere and
are excluded from  further consideration in this risk assessment.  Organic materials and
volatile metals, such as mercury, do have the potential for partitioning into the air phase
from the aqueous phase and, thus, are chemicals of potential concern in this risk
assessment.  Solid waste managed at the HWM Division facilities are not considered
within this risk assessment to produce chemical emissions.

Liquid waste discharges to LLNL’s sewer system are controlled and subject to an
intensive program of sewer discharge monitoring (see Appendix B) and are not
considered to present a source of chemical release from LLNL in this risk assessment.
Discharges from waste retention tanks are not made without sampling, analysis,
interpretation of results, and written approval.  Discharges are approved only when
wastewater meets conditions specified by the discharge permit granted to LLNL from
the publicly-owned LWRP.  Compliance monitoring is also implemented to track sewer
discharges from LLNL through the LWRP.

The estimation of volatile compound emissions to the atmosphere from the HWM
Division facilities requires an evaluation of the characteristics of waste streams
managed at the facilities.  The quantities and types of chemicals in HWM Division’s
waste streams are described in Section III.1.  The screening methodologies used to
select chemicals of concern, based on their physical and chemical nature are described
in Section  III.2.  The estimated emission rates for the chemicals of concern from the
HWM facilities are described in Section  III.3.

III.1 Source Term Characterization

The methods used to derive the lists of chemicals of potential concern that have been
and, thus, are likely to be treated and/or bulked and transferred in the HWM facilities
of interest are described in the following subsections.  The source-term characterization
methodology involves the following steps:

• Identification and review of relevant records

• Determination of relevant waste volumes

• Determination of relevant waste compositions

• Quality control to assure that appropriate waste volumes and
compositions have been determined

• Screening to identify waste compounds relevant to risk assessment

• Determination of annual emission rates
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• Determination of maximum hourly emission rates.

III.1.1 Waste Records

LLNL maintains records pertaining to the generation, transfer, bulking, sampling, and
treatment of waste.  In order to properly document the various waste management
operations, the record formats vary.  Figure  III-1 includes a schematic diagram which
summarizes the flow of waste documentation at LLNL, from the point of waste
accumulation to the point of final storage or disposal.  This documentation served as the
basis for developing the waste inventories for this risk assessment.  The data comprising
the waste inventories for this risk assessment is tabulated in a supplemental document
entitled Data Supporting the 1995 Health Risk Assessment for Hazardous  and Mixed Waste
Management Facilities at LLNL (LLNL, 1995)

 III.1.1.1 Waste Disposal Requisitions

When waste is generated, the generator is responsible for providing all the necessary
information to adequately characterize the waste and ensure its proper handling.  The
generator provides this information by completing a numbered Waste Disposal
Requisition (WDR).  The WDR information includes the waste’s hazardous properties,
physical and chemical descriptions, predominant hazardous constituents, and any
quantitative information, including results from waste analysis.  Copies of these WDRs
are attached to the waste containers (i.e., drums, carboys, tanks, etc.) and follow the
waste from the Waste Accumulation Areas to its final disposition, which may be either
offsite shipment or the Area 514 treatment units.

Prior to waste transfer to a HWM facility, the information recorded on the WDRs is
entered into a database maintained by the HWM Division.  Any analytical data attached
to the WDRs are also entered into the HWM database.  The HWM storage location and
treatment information is also entered into the HWM database for each WDR.  For
example, waste that is bulked or transferred from one container to another, or to a
vacuum tanker, at the Area 612 Facility is indicated as such in the HWM database.   This
database provides an integrated waste tracking and inventory system for waste that
enters the HWM Division facilities.  The analytical data attached to the WDRs are also
entered into a separate database maintained by LLNL’s onsite analytical laboratory.

III.1.1.2 Blending Plans and Batch Records

As described in Section II, waste managed at Area 514 may initially be received in
either the Area 612 Facility, the Building 233 Unit, or the Building 693 Unit.  At those
locations, a determination is made, based on the type and quantities of the constituents,
as to whether the waste will be sent to an offsite commercial treatment, storage, and
disposal facility, or treated at the Area 514 Facility.  Waste that is destined for treatment
in the Area 514 Tank Farm is usually blended with other compatible wastes prior to
treatment.
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A blending plan is developed for each blending activity.  The plan establishes the waste,
identified by specific WDR number, to be blended and the sequence in which the wastes
are to be blended.  The blending plans are filed in Building 514.

Wastes are treated in the Area 514 Tank Farm in batches which are extracted from the
waste blends.  Each batch is assigned a treatment batch number.  A pretreatment sample
(PTS) is collected from each batch.  The PTS analytical results (provided by the state-
certified, onsite laboratory or an offsite laboratory) are filed in Building 514 along with a
copy of the blend plan from which the batch was extracted.  These files (called batch
records) are organized by calendar year and in numerical order based on treatment
batch number.  After a batch is treated (i.e., addition of treatment chemicals and one
pass through the Area 514 Waste Water Filtration Unit), a sample is collected from the
batch to determine if constituent concentrations have been lowered below discharge
limits or, if not, that additional treatment is required.  The first after-treatment sample is
labeled “ATS,” and each subsequent sample, if further treatment is required for a given
batch, is labeled “A,” “B,” “C,” and so on.  All after-treatment analytical results are filed
with the batch records.  The pretreatment and after-treatment analytical results are also
entered in a retention system database to track disposition of waste in retention tanks at
LLNL.

After a batch has been adequately treated at the Area 514 Tank Farm, as verified when
after-treatment samples indicate that the liquid waste is suitable for sewer disposal, the
filter cake generated for that batch from the Area 514 Waste Water Filtration Unit is
sampled to characterize the cake for purposes of compliance with land disposal
requirements.  The filter cake analytical results are filed with the batch records in
Building 514.

III.1.1.3 Summary of  the Flow of Waste Records

To summarize, records of waste generated, transferred, bulked, sampled, and treated at
LLNL are kept both electronically and in hard copy.  Electronic sources of these records
include the HWM Division database, the analytical data associated with the WDRs and
maintained by the onsite laboratory, and a retention system database.  Hard copies of
the WDRs for wastes treated at the Area 514 Tank Farm and associated analytical data,
organized by treatment batch number, are maintained at Building 514.

These records have been used to develop a representative description of the waste
volumes and composition directly exposed to the atmosphere within the HWM
facilities.  The HWM Division database serves as the foundation for this information,
because this database provides the most extensive and readily accessible information
about waste that has been treated or otherwise handled at HWM Division’s facilities in
the recent past.  Other sources of data (described above and shown in Figure  III-1) are
used to supplement the electronic data and to assist in the quality control steps,
described in Section III.1.4, for this risk assessment.
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 III.1.1.4 Data Acquisition

The most recent validated data available from the HWM Division database, which had
just undergone quality control checking at the commencement of this risk assessment,
were for the calendar years 1992 and 1993.  We requested the output from the HWM
Division database for these years in an effort to utilize the most current data available
for developing a representative source term.  Although there is uncertainty regarding
the volume and composition of future waste streams, we believed the 1992 and 1993
data to more closely approximate near-future waste streams than older data, which may
be representative of processes or programs no longer ongoing at LLNL.  According to
HWM Division personnel, 1992 and 1993 were fairly typical, if not slightly high, years
with respect to treatment volumes, further justifying the choice of these two years on
the basis of waste volumes for this risk assessment.

In order to access information in the HWM Division database, we formulated queries to
allow extraction of only data pertinent to source-term development.  These queries
specified that WDR numbers, waste volumes, waste stream and component
descriptions, component concentrations, and treatment information be extracted for
wastes that were directly exposed to the atmosphere at the Area 514 Facility and the
Area 612 Facility, which includes waste:

• Blended and treated at the Area 514 Tank Farm

• Sent to the Area 514 Silver Recovery Unit

• Not sent to the Area 514 Facility, but bulked or transferred in the Area 612
Facility.

The historical volume of individual waste streams treated has been used to estimate the
total mass of each constituent that is typically processed through the facilities.  In
addition, we used the total historical waste volumes to normalize the historical
quantities of chemical constituents treated.  “Normalizing” the historical data facilitated
the estimate of risk associated with operating the facilities at the proposed maximum
annual capacity.  Operations of the Area 514 Tank Farm have never been at the
proposed capacity (250,000 gallons per year, or 9.46 × 105 liters per year), but one
objective of this assessment is to evaluate risks associated with operations at the
proposed permitted capacity.

III.1.2 Waste Volumes

The waste volume information extracted from the HWM Division database is discussed
separately for the hazardous waste management units at the Area 514 Facility and the
Area 612 Facility.  Because the proposed 514-1 Carbon Adsorption Unit and other
proposed 514-1 units are not yet operational, historical records were not available for
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these units, but the same waste treated in the Area 514 Tank Farm will be treated in the
514-1 units.

III.1.2.1 Area 514 Tank Farm

The data describing the waste sent to the Area 514 Tank Farm and associated units (i.e.,
Area 514 Storage Tank 514-R501 Unit, Area 514 Waste Water Filtration Unit, and
Building 513 Solidification Unit) during 1992 and 1993 are tabulated in a supplemental
document (LLNL, 1995).  These tabulations contain the information from which waste
stream profiles, and eventually emission rates, were derived for these treatment units in
this risk assessment.  For wastes treated at the Area 514 Facility, the waste volumes in
the database are included in the tabulated information.

Using these sources of information, we derived a best estimate of the total volume of
waste treated at the Area 514 Tank Farm by integrating the information from each
source.  Specifically, we used the Building 514 batch files to positively identify WDRs
representing waste that had been treated in each year, and the electronic data to
facilitate the process of summing all of the individual waste volumes of treated waste.
In order to accomplish this, we added treatment batch numbers associated with each
WDR to the electronic database information.  Once we accomplished this integration of
information, we readily calculated volumes.  For calendar year 1992, the total volume
of waste treated at the Area 514 Tank Farm was calculated to be 41,500 gallons
(1.57 × 105 liters); for 1993, the total volume was 48,700 gallons (1.84 × 105 liters).

III.1.2.2 Area 514 Silver Recovery Unit

The volume of waste sent to the 514 Silver Recovery Units in 1992 and 1993 was
calculated for WDRs that were coded as “D011” in a field labeled “EPA Code” in the
HWM Division database.  This designation refers to the EPA’s Hazardous Waste Code
of D011 for silver.  The volume of waste sent to the Silver Recovery Units in 1992 was
870 gallons (3.3 × 103 liters); in 1993, it was 880 gallons (3.3 × 103 liters).  Thus, the
volume of waste treated in the silver recovery process is relatively small (approximately
2%) compared to the volume of waste treated in the Area 514 Tank Farm for both years.

III.1.2.3 Area 612 Facility

Some waste handled in the Area 612 Facility is sealed at all times.  Other waste may be
exposed to the atmosphere for brief periods of time when it is bulked or transferred.
Only the volume of the waste that is opened to the atmosphere during bulking or
transferring between containers has the potential to release quantifiable emissions.
Therefore, our analysis of database records for the Area 612 Facility is different from the
Area 514 Facility because we had to differentiate the records based on the handling of
the waste with respect to exposure to the atmosphere.

In order to evaluate the historical volumes of hazardous waste that were shipped offsite
from the Area 612 Facility, but that were transferred or bulked at this facility prior to
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shipment, we consulted the HWM Division database for calendar years 1992 and 1993.
As with the Area 514 Facility, these were the most recent, validated data available to us.
The records for 1992 and 1993, extracted from the database that fit these criteria are
listed in a supplemental document (LLNL, 1995) to this risk assessment.  From these
records, we calculated the total volume of waste bulked or transferred to be 10,000
gallons (37,900 liters) in 1992, and 29,700 gallons (74,600 liters) in 1993.

III.1.3 Waste Composition

Figures III-2 and III-3 show a breakdown of the general types of waste, by volume, that
were treated in the Area 514 Tank Farm for 1992 and 1993, respectively.  In both years,
almost half of the waste treated in this facility was described as rinse water or wash
water.  This wastewater is either the rinsate from retention tanks that previously
contained waste or mop water generated in general cleaning practices in laboratories
where radioactive wastes are handled.  Thus, we expected that a significant portion of
the waste streams treated in the Area 514 Tank Farm would have low concentrations of
chemicals of potential concern.  Because of their high frequency of occurrence in WDRs,
the Trim® Sol Coolant Waste, a waste containing Trim® Sol Coolant (a water-miscible
cutting and grinding fluid concentrate manufactured by Master Chemical Corporation)
and wash water generated in the operation of LLNL machine tools are distinguished
from miscellaneous laboratory aqueous waste in these figures.

We used the constituent quantities of the waste streams, formerly handled or treated at
HWM facilities, to develop a representative waste stream profile for subsequent
emissions calculation.  The waste streams treated in the Area 514 Tank Farm, the Area
514 Silver Recovery Unit, and those handled (i.e., bulked or transferred) in the Area 612
Facility operations are discussed separately below.

III.1.3.1 Area 514 Tank Farm

Chemicals of potential concern in the Area 514 Tank Farm are those chemicals which
may volatilize from the waste streams treated there.  As was discussed earlier, this
criterion excludes many metals, inorganic solids, and compounds that are readily
dissociated in aqueous solution.  We also eliminated a few chemicals from further
concern early in this assessment because of their nonhazardous (i.e., nontoxic and
noncarcinogenic) nature.  Deoxycytosine triphosphate, deoxyadenosine triphosphate,
and bovine serum albumin were eliminated because they are compounds native to
biological systems and involved in routine biological processes (e.g., metabolism); and,
therefore, they are not considered hazardous.  Universol™ E (manufactured by ICN
Biomedicals, Inc., Irvine, California) is a solution often used in analytical procedures at
LLNL, but  it is generally characterized as a mixture of surfactants and fluors (due to the
proprietary nature of this product).  The Material Safety Data Sheet on this product
maintains that none of the constituents is hazardous and that the product is
“environmentally safe in accordance with EPA regulations.”  The product is being used
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at LLNL as a replacement for volatile organic solvents.  For that reason, Universol™ E
was also eliminated. Therefore, from the data tabulated in the supplemental data report
(LLNL, 1995), the organic compounds (with the exception of the four previously listed)
and mercury were identified as chemicals of potential concern in this risk assessment.

Tables C-1 and C-2 in Appendix C list WDRs for 1992 and 1993, respectively, from the
HWM Division database showing organic constituents or mercury that were bulked or
treated at the 514 Tank Farm.  In order to derive a list of organic constituents from the
WDRs, we adopted a consistent naming convention for the chemical components (listed
as “Assigned Chemical Name” in Tables C-1 and C-2).  For example, methyl
chloroform, MCM, and 1,1,1-TCA all refer to the same compound and were renamed to
“Trichloroethane-1,1,1.”  The naming convention adopted is consistent with the
California Environmental Protection Agency’s (CAL/EPA’s) Chemical Cross Index
(1993 and 1994; also known as List of Lists), which is maintained by CAL/EPA’s
Hazardous Materials Data Management Program.  For chemicals not listed in the
Chemical Cross Index, the “commonly accepted name” from the Condensed Chemical
Dictionary (Hawley, 1981) was adopted.  For those chemicals not found in either of these
resources, the chemical name listed in the database was retained.

The constituent name listed in the database was sometimes not specific for a chemical
but rather indicative of a category of compounds.  The  acronym, VHS, representing
volatile halogenated substances, encompasses a broad range of compounds.  However,
analytical data were always available when this constituent was listed, and these data
were consulted when the chemical list was compiled.  (VHS is a parameter required for
monitoring and approving sewer discharge of waste waters and is a summation of the
29 detected volatile organics comprising it.)

The term “oil” also appears in the HWM Division database as a constituent of Trim® Sol
wastes streams.  This term may represent a wide range of substances with very different
properties.  Further investigation into the source of the oil suggested that it is largely
machine oil arising from the use of Trim® Sol coolant.  The four most commonly used
oils at LLNL are Vactra 2, Mobil DTE #26, Mobil DTE #25, and Mobil DTE #24.
According to Stoker and Seager (1976), most hydrocarbons that are highly volatile at
normal atmospheric temperature and, thus, most important in air pollution, are
relatively simple compounds containing 12 or less carbon atoms per molecule.
Therefore, for purposes of this risk assessment, laboratory analyses (LLNL, 1995) of
these oils were completed to quantify the fraction of volatile hydrocarbon compounds
with less than 12 carbon atoms per molecule using headspace analysis, as well as to
identify volatile aromatic and halocarbon constituents using EPA Method 8021.  The
EPA Method 8021 analytical results showed 2-mg/kg benzene in the Mobil DTE #26;
and 2-mg/kg ethylbenzene and 10-mg/kg total xylenes in the Vactra 2.  None of the
headspace analyses for these oils detected compounds with less than 10 carbon atoms
per molecule, based on the headspace method detection limit of 20 mg/kg.  One
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headspace analysis detected compounds with less than 12 carbon atoms at a
concentration of 150 mg/kg, based on the headspace method detection limit of
20 mg/kg.  The compound(s) making up the 150-mg/kg concentration were then
assumed to be naphthalene.  Based on this information, the term “oil” was assumed to
be a constituent that is composed of 2-mg/kg benzene, 2-mg/kg ethylbenzene,
10-mg/kg total xylenes, and 150-mg/kg naphthalene (a C-10 compound).

“Radiacwash” is a highly soluble liquid used in biomedical research, composed of 2.9%
citric acid, 6% octyl phenol, 5.7% ethylenediaminetetraacetic acid, 0.008% hyamine, and
85.39% mineral water.  When “radiacwash” was listed as a constituent in the HWM
Division database records, we assumed these chemical components were present in the
associated waste streams in the specified percentages.

In the process of identifying chemical constituents of waste from the HWM Division
database, there were infrequent instances where one or more components of a particular
waste could not be identified.  In Tables C-1 and C-2, a “?” shows up in the “Assigned
Chemical Name” column several times, indicating where these instances occurred.  The
corresponding constituent names from the HWM Division database for these instances
are documented in Table C-3.  In most cases, the component description was given as
“PEND,” indicating analysis of the waste was pending at the time the information was
entered into the database.  Bulking or treatment does not occur prior to obtaining
analytical results for these wastes, but the analytical information was not transferred to
the database.  Generally, the waste volumes associated with these unknowns were
small, and the summed waste volume was less than 6% of the total waste volume sent
to the Area 514 Tank Farm for treatment in these two years.  Greater than 75% of the
waste volume associated with these unknowns is attributable to the water used to rinse
retention tanks; and because the waste originally in these tanks is included in the source
term, the waste volume is not likely to contain any constituents not already listed on
the WDRs.

The last column in Tables C-1 and C-2 allows for a “514 Treatment Batch” number to be
reported.  The designation of treatment batch was accomplished according to the
procedures described in Section III.1.2, in which we consulted the Building 514
hardcopy files to integrate data extracted from the HWM Division database with those
files.  A blank in the “514 Treatment Batch” column means that there was no indication
in either the database or the Building 514 treatment batch files that this waste was
treated at the Area 514 Tank Farm.  Much of the waste that had WDR numbers
beginning with the letter H, (indicating hazardous [i.e., not mixed or radioactive] waste)
and without a treatment batch entry was shipped offsite after being bulked.  No onsite
treatment of the waste occurred in these instances.

An alphabetized list of organic chemical constituents of the wastes (i.e., chemicals of
potential concern) for 1992 and 1993 is given in Appendix C, Table C-4.  This list was
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derived by including constituents listed in Tables C-1 and C-2, which show an entry in
the column labeled “514 Treatment Batch.”

In addition to identifying waste stream constituents, the HWM Division database also
provides concentrations of constituents.  These concentrations are either estimated by
the generator and reported on the WDR, or entered into the database when analytical
data are attached to the WDR.  In some cases, upper- and lower-bound estimates are
given.  In this risk assessment, the upper-bound concentration value was selected for
estimating total masses of the constituents in the database.  The numbers appearing in
the “Estimated Concentration” column in Tables C-1 and C-2 represent the upper-
bound values from the database, converted to consistent concentration units of
milligrams per liter (mg/l).  The concentration units reported in the database may be in
mg/l, grams per liter (g/l), parts per million (ppm), parts per billion (ppb), milligrams
per kilogram (mg/kg), percent, or total mass or volume of the constituent.  Using the
upper-bound value strengthens the argument that we used the highest likely
concentration of constituents.

We multiplied the “Estimated Chemical Concentration” in a waste volume by that
volume to derive the total mass of the chemical in the waste.  The total mass of the
chemical in a year was calculated by summing the mass for each waste volume
containing the chemical during the year.  Total mass quantities of chemicals of potential
concern, listed in Table C-4, were calculated for calendar years 1992 and 1993.  For each
chemical, i, we determined the total mass for both 1992 and 1993 as follows in
Equation III-1:

    
Mi = Cij × Vj( )j∑ × 3.785/1000 (III-1)

where:

Mi =  annual mass in grams,

Ci,j =  concentration in waste j in milligrams per liter,

Vj =  volume of waste j in gallons,

3.785 =  liters per gallon and

1000 =  milligram per gram.

The results of these calculations are given in Table C-5 for the Area 514 Tank Farm.

III.1.3.2 Area 514 Silver Recovery Unit

The HWM Division database usually includes specific chemical constituents, but there
may also be references to a waste “profile” in the case of a routinely generated waste
whose composition and chemical makeup are not expected to change.  Photographic
wastes are an example where “profiles” may be referenced in the HWM Division
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database.  Tables C-6 and C-7 include the WDRs that show organic constituents or
mercury in waste sent to the Silver Recovery Unit during 1992 and 1993, respectively.
These constituents are identified as to whether the information came directly from the
HWM database or from the referenced “profile.”  The pertinent waste profiles for silver
recovery waste that were listed in the HWM Division database for 1992 and 1993 are
provided in the supplemental data report (LLNL, 1995).  The Area 514 Silver Recovery
Unit waste constituents are shown in Table C-8.

Following the same procedures as described for the Area 514 Tank Farm, we calculated
the total mass quantities of chemicals of potential concern from the 514 Silver Recovery
Units waste streams.  The results are given in Table C-8.

III.1.3.3 Area 612 Facility

Following the same procedures outlined above for compiling lists of organic
constituents and mercury representing the waste sent to the Area 514 treatment units,
we compiled lists for the Area 612 Facility.  These lists represent chemical constituents
of waste that was bulked or transferred at that location in 1992 and 1993, but which was
not sent to the Area 514 units.  In Appendix C, Table C-9, the organic constituents from
both of those years are identified, using the naming convention previously defined (i.e.,
CAL/EPA’s Chemical Cross Index [1993 and 1994] and Hawley, 1981).  Again, a few
chemicals were not found in either of these resources, in which case the chemical name
listed in the database was retained.  Similar to the Area 514 evaluation, metals (except
mercury), inorganic solids, and compounds that are dissociated in aqueous solution
were eliminated from further concern.

Poorly defined constituents, such as diesel, oil, and volatile halogenated substances
(VHS), are listed in the database.  In order to assign chemical names to these
constituents, we considered the potential composition of these mixtures.  We based the
assumed compositions on analytical data, pertinent literature, and toxicological
properties of possible constituents.  Our rationale for selecting the chemical constituents
to represent these non-specific constituents is given in Section VII.2, where the
toxicological aspects are discussed.  For diesel, the representative chemicals are benzene
(70 mg/kg), toluene (80 mg/kg), and xylenes (all isomers, 730 mg/kg).  Although the
“oil” transferred or bulked at the Area 612 Facility is not defined in the HWM Division
database as to the source, we assumed that this constituent was machine oil.  The
composition of “oil,” as similarly described for machine oil present in the Area 514 Tank
Farm, was assumed to be 2-mg/kg benzene, 2-mg/kg ethylbenzene, 10-mg/kg xylene,
and 150-mg/kg naphthalene.  The composition of VHS, which represents a group of
29 chemicals, was assumed to be vinyl chloride, based on considerations of both
toxicological properties of the 29 chemicals, and volatility.  The basis for assuming the
VHS to be vinyl chloride is provided in Section VII.3.1.
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Concentrations of the constituents handled at the Area 612 Facility are tabulated in a
supplemental document (LLNL, 1995).  These concentrations, either estimated by the
generator or entered into the database when analytical data are provided, were
obtained from the HWM Division database.  As was done for the Area 514 calculations,
we selected the upper-bound concentration value for estimating total masses of the
constituents in this risk assessment.   In order to calculate total mass of each constituent
transferred or bulked in 1992 and 1993, the upper-bound values in the database were
converted to concentration units of mg/l, and the annual mass M of chemical i was
computed from Equation III-1 above.  The results of these calculations are given in
Table C-10 for the Area 612 Facility transfers.

The constituent masses calculated in this subsection, and reported in Appendix C,
Tables C-5, C-9, and C-10, serve as the basis for emission calculations described in
Section  III.3.  However, we further screened the constituent lists (Tables C-4, C-8, and
C-9) to eliminate constituents that are not volatile in aqueous solutions and, thus, are
not of concern in this risk assessment.  The screening methodology and results are
described in Section III.2.

III.1.4 Quality Control

The waste volumes and compositions derived in Sections III.1.2 and III.1.3 from the
HWM database records were used to develop representative waste stream profiles,
which would subsequently be used to estimate the emission rate of waste constituents
to the atmosphere.  Estimated risk is directly proportional to the emission rate.  Because
of the importance of the developed waste stream profiles to the risk assessment, we
performed a quality control check on the quantitative data derived from the HWM
Division database records.

We adopted several measures to check the accuracy of the volumes and chemical
quantities derived, including:

• Checking the records obtained from the HWM Division database against
hardcopy records for completeness (see Section III.1.4.1)

• Comparing the organic constituents identified in the HWM Division
database with analytical data for pre- and after- treatment samples for the
Area 514 Tank Farm.  (see  Section III.1.4.2)

• Comparing sanitary sewer disposal records for the Area 514 Facility
treatment records for the Area 514 Tank Farm.  (see Section III.1.4.3)

• Having the naming conventions applied to organic waste constituents and
the unit conversions carried out checked by separate individuals to assure
that omissions or calculation errors had not been made.
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III.1.4.1 Comparison of Database with Hardcopy Files

Checking the data obtained from the HWM Division database for completeness
included comparing the WDR numbers that were associated with blending events from
the Building 514 hardcopy files, to those in the database.  This check assured us that
WDRs were not missing from the database.  We also did a qualitative comparison
between the analytical data generated from pre- and after-treatment sampling and the
chemical listings from the database.  Because the hardcopy files are kept on a fiscal year
(FY) basis (i.e., October through September), we re-organized calendar year data for
1992 and 1993 (covering from January 1992 through December 1993) from the HWM
database to allow comparison with FY 1993 records.

The comparison between Building 514 hardcopy files and information extracted from
the HWM Division database yielded the following results:  Table C-11 of Appendix C
lists the WDR numbers that were extracted from the HWM Division database, and
associated wastes known to be treated at the Area 514 Tank Farm according to the
hardcopy files at Building 514.  A comparison between the WDR list derived from the
database and the list of requisitions in the Building 514 hardcopy files indicated that
only nine WDRs (out of a total of 553 WDRs for treated waste in FY 1993) were not
included in the HWM database as having been treated at the Tank Farm.  These nine
WDRs represent 1,300 gallons (4,921 liters) of waste, or less than 3% of the waste treated
in FY 1993.  Because of the close correlation between the Building 514 treatment batch
files and the information extracted from the HWM Division database, we believe the
HWM database provides a reliable source of information about waste handled and
treated at LLNL’s hazardous waste management facilities.  Thus, the source term
evaluation is considered comprehensive when both the HWM database and the
Building 514 files are used for information.

III.1.4.2 Comparison of Database with Analytical Data

As an additional test of the reliability of the HWM Division database, we compared the
organic constituents of waste treated in 1992 and 1993 and identified in the database,
with analytical data available for pre- and after-treatment samples taken in 1992 and
1993.  Analytical data are available in the Building 514 hardcopy files and in the sewer
disposal records maintained in the retention system database.  Different methods of
chemical analysis are used in each case.  The list of chemicals treated in the Area 514
Tank Farm (Table C-4) was compared to chemicals that are found in detectable
amounts in the analytical results.  Only qualitative comparisons were made.
Quantitative comparisons had limited value because the waste is exposed to the
atmosphere prior to sampling, and because some dilution occurs in the treatment
process when process water and treatment chemicals are added to the batches.  The
results of the comparisons are shown in Table C-12 of Appendix C, which lists 17
categories of chemicals/chemical groups, that were detectable in analytical samples but
were not reported in the database.  The frequency of detection and the point in the
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treatment process at which the chemical not reported in the database was detected, are
also shown.  Possible explanations for the absence of these chemicals from the chemical
tracking database include: 1) the waste generator’s failure to recognize waste streams
that should have been analyzed for trace constituents; 2) new chemicals, such as those
containing chlorine or bromine atoms, may have formed somewhere in the treatment or
analytical process; 3) chemicals, such as plasticizers (e.g., bis[2-ethylhexyl]phthalate,
butylbenzylphthalate, diethylphthalate, and dimethylphthalate), may have been
introduced during storage or treatment; 4) biological degradation products, such as the
C-6 or C-7 organic acids, may have been introduced when pH was adjusted during
treatment; and 5) the chemicals detected analytically may be “false positives.”  Many of
the chemicals in Table C-12 do not appear until the after-treatment sample is taken or
until the filter cake extraction occurs.  This suggests that the chemicals were not
originally in the waste in detectable quantities.  Those that only show up in the filter
cake analysis may be an artifact of the extraction procedure used in obtaining a sample
or a laboratory artifact.  It is important to note that the infrequent occurrence of these
chemicals indicates that they are not significant components of the waste streams at
LLNL’s hazardous waste management facilities.  Overall, these results provide further
confidence in the HWM Division database for tracking chemicals and providing
information from which emission rates may be estimated.

III.1.4.3 Comparison of Database with Sewer Disposal  Records

Sewer disposal records were consulted to compare records of volumes of waste sent to
sewer with the calculated volumes of waste treated in the Area 514 Tank Farm for 1992
and 1993.  After the treated aqueous portion of the waste is sent to the sanitary sewer,
concentrations of hazardous and radioactive constituents are below thresholds
established by LLNL in accordance with LLNL’s sewer discharge permit.  The sewer
disposal records are maintained in the retention system database which tracks waste
sent to sewer at various locations around the LLNL Main Site.  From this database, we
extracted records that provided the volume and analytical results for waste sent to the
sanitary sewer from the Area 514 Facility during 1992 and 1993.  These records
represent waste that had been successfully treated during these years.  We calculated
the volume of treated waste sent to sewer from the Area 514 Tank Farm during 1992 to
be approximately 57,000 gallons (220,000 liters) from this database; during 1993, the
calculated volume was 74,000 gallons  (280,000 liters).  These volumes are between
35−51% higher than the original waste volumes reported in Section III.1.2 for these
years.  This finding is reasonable based on the fact that process water added during
each pass through the Dorr-Oliver filtration unit is about 15% of the batch volume
(Section II.4.5), and the average number of passes through the filtration unit to achieve
the desired treatment level is between two and three per batch.

With regard to the Area 612 Facility, we had no directly comparable or redundant data
sources available to compare against the HWM database information.  We examined the
HWM shipping records for general conformance to the HWM database; however, these
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records do not include information about whether the waste was bulked or transferred.
Therefore, the Area 612 Facility data did not receive an extensive quality control
analysis, as did the Area 514 Facility.

III.2 Source Term Screening

Before we estimated emission rates, we narrowed the focus of the risk assessment to
volatile constituents.  Many constituents may not be sufficiently volatile to be emitted.
The process we followed to narrow or screen the list of constituents to those that are
potentially important contributors to risk is described in this Section.

In order to identify potentially volatile waste constituents from the lists given in
Section III.1.3, we considered two physical and chemical properties—vapor pressure
and solubility in water.  Vapor pressure is an indicator of emission from the liquid
phase.  The higher the vapor pressure, the more likely the chemical is going to exist in
the gas phase.  Small, organic molecules tend to have high vapor pressure; that is, at
normal environmental temperatures and pressures, the molecules tend to exist as a gas
rather than a liquid or solid.  Solubility, on the other hand, is an indicator of the
propensity of a chemical to remain dissolved in solution.  The solubility of organic
molecules is also related to the size of the molecule, with smaller molecules being more
soluble.  Solubility is complicated by the presence of functional groups, such as oxygen
and hydrogen in alcohols, and nitrogen and hydrogen in amines.

When attempting to predict the behavior of dilute solutions of organic compounds in
water, we considered both the compound’s volatility as well as its solubility.   Vapor
pressure can be thought of as the concentration or dissolution of a compound in air;
solubility is a concentration in a solvent which, in this case, is water.  The ratio of these
two concentration provides a measure of the propensity of a compound to escape into
the air or remain dissolved in water.  This ratio is the Henry’s Law constant, which is
expressed in this report in Pa-m3/mol.  According to the EPA (1991), compounds with
Henry’s Law constants less than 1 Pa-m3/mol tend to stay in solution.  Compounds
with Henry’s Law constants greater than 100 Pa m3/mol tend to volatilize rapidly (EPA,
1991).

The screening criterion adopted for identifying volatile chemicals in this risk assessment
is a Henry’s Law constant greater than or equal to 1 Pa-m3/mol, representing moderate-
to-high Henry’s Law constants according to the EPA (1991).  This value is consistent
with the Henry’s Law criterion set forth in the Preliminary Endangerment Assessment
(PEA) Guidance Manual (CAL/EPA/DTSC, 1994) by the DTSC for identifying volatile
organic chemicals (VOCs) of concern.  The PEA Guidance Manual, which addresses
emissions from soil and water, also describes a vapor pressure criteria of 0.133 Pa
(0.001-mm Hg) above which organic chemicals are considered volatile
(CAL/EPA/DTSC, 1994).  However, because vapor pressure alone is not sufficient to
characterize partitioning phenomena for dilute aqueous solutions as encountered in the
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waste streams managed by the HWM Division, the Henry’s Law constant criterion
alone is appropriate.

The chemicals identified in waste streams handled or treated in the Area 514 and
Area 612 Facilities (Tables C-4, C-8, and C-9) were screened based on their Henry’s Law
constants, as described above.  The Henry’s Law constants for the chemicals listed were
obtained from the PEA Guidance Manual (CAL/EPA/DTSC, 1994), the 3-volume
Handbook of Environmental Fate and Exposure Data for Organic Chemicals (Howard, 1989,
1990, and 1991), or the 4-volume Illustrated Handbook of Physical-Chemical Properties and
Environmental Fate for Organic Chemicals (Mackay et al., 1992a-c, and 1993).  When
Henry’s Law constants were not directly available from these sources, they were
calculated from vapor pressure and solubility data, if available.  Vapor pressure and
solubility data were obtained from the Hazardous Substance Data Base (HSDB, 1995)
and the Beilstein database (Beilstein, Hdb, 1995).  When physical or chemical properties
were not available, vapor pressure and solubility were calculated using methods
provided in the Handbook of Chemical Property Estimation Methods (Lyman et al., 1982), or
the CRC Handbook of Chemical and Physical Properties (Weast, 1976).

Appendix D contains a listing of Henry’s Law constants for each of the chemicals in
Tables D-4, D-8, and D-9, the source of the value assumed, and example calculations
using the estimation methods presented by Lyman et al. (1982).  Chemicals with
Henry’s Law constants less than 1 Pa-m3/mol were not considered further in this risk
assessment.  Emission rates for compounds with Henry’s Law constants greater than or
equal to 1 Pa-m3/mol are given in the next Section.

III.3 Emission Rates

In this subsection, the methods for deriving emission rates to the atmosphere from
waste handling and treatment activities at the Area 514 and Area 612 Facilities are
discussed.  Both annual emission rates and hourly maximum emission rates are
provided and are based on the analysis of waste composition for 1992 and 1993 as
described in Section III.1.

III.3.1 Annual Emission Rates

We calculated annual emission rates from the Area 514 Facility and the Area 612 Facility
by considering the portion of organic compounds in the waste handled and treated at
HWM Division’s facilities that may be released to the atmosphere during a year.
Emissions from the Area 514 Tank Farm, the Area 514 Silver Recovery Unit, the
proposed Area 514-1 units, and the Area 612 Facility are discussed separately below.

III.3.1.1 Area 514 Tank Farm

In order to estimate annual emission rates from the Area 514 Tank Farm, we considered
the chemicals in waste treated in the Tank Farm during 1992 and 1993 that had Henry’s
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constants greater than or equal to 1 Pa-m3/mol (Table C-4 of Appendix C).  We used
the maximum quantity of each chemical in the two years of data evaluated (Table C-5)
for this estimation.  Because chemicals treated in the Area 514 Tank Farm are exposed to
the atmosphere during several stages of the transferring, bulking, and treatment
processes, we assumed emissions to be 100% of the maximum annual mass quantity.
This assumption is likely to overestimate emissions because analytical results from
treated waste and filter cake suggest that very low concentrations of organic
constituents still exist in solution and in solid form after treatment and because some
organic constituents are likely destroyed instead of emitted.

Waste to be treated in the Area 514 Tank Farm may emit organic constituents during
blending operations, during storage in the Area 514 Storage Tank 514-R501 Unit, or
during treatment in the Area 514 Wastewater Treatment Tank Farm, Area 514
Wastewater Filtration Unit, and Building 513 Solidification Unit.  Volatilization is
enhanced during blending operations or during treatment because mixing enhances the
air-and-water contact, promoting volatilization to air.  Waste to be solidified in the
Building 513 Solidification Unit was not considered separately from waste treated in the
Area 514 Tank Farm because the solidification unit has historically treated only filter
media from the Tank Farm filtration unit.

Table III-1 gives the maximum annual emission rates for these chemicals in grams per
year.  These rates represent the total mass of each constituent in 1992 or 1993, whichever
was larger.  The cumulative percent release rate in Table III-1 represents the cumulative
contribution of each chemical to the sum of the maximum annual emission rates for all
of the chemicals in Table III-1 (1.1 × 105 g/year).  Also given are normalized maximum
emission rates per 1,000 gallons  (3,875 liters) treated; these rates are useful in scaling
the given rates to different treatment capacities.  We obtained the normalized values by
dividing the total mass of each chemical in 1992 and 1993 by the thousands of gallons
treated in the year in which the maximum chemical mass occurred.  For example, the
maximum acetone emission occurred in the 1993 data; thus, the normalized rate is
based on the 1993 treatment volume of 48,700 gallons (Section III.1.2).

III.3.1.2 Area 514 Silver Recovery Unit

According to the screening analysis done on chemicals sent to the Area 514 Silver
Recovery Unit in 1992 and 1993 (Section III.2, and Appendix C), none of the organic
constituents is volatile.  Therefore, we assumed that no chemicals are emitted from
this unit.
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Table III-1.  Maximum annual emission rates for volatile chemicals treated in the
Area 514 Tank Farm.

Chemical

Maximum
annual

emission rate
(g/yr)

Cumulative percent
emission rate (% of

total mass of all
compounds released)

Maximum annual
emission rate

per 1000 gal treated
(g/yr)

Methanol 43000 37.5 870

Methyl ethyl ketone 40000 72.4 810

Tetrachloroethylene 19000 89.0 400

Freonsa 3400 91.9 71

Trichloroethane, 1,1,1 2400 94.0 49

Trichloroethylene 2300 96.0 48

Pyridine 2100 97.9 44

Ethylene oxide 540 98.3 11

Methylene chloride 410 98.7 8.4

Chloroform 360 99.0 7.5

Tetrachloroethanesb 320 99.3 6.6

Acetone 290 99.5 5.9

Oilc (1540000) 99.7 (32000)

     Benzene 3.1 0.063

     Ethyl benzene  3.1  0.063

     Naphthalene  15  0.32

     Xylenes 230  4.7

Xylenes 55 99.8 1.1

Mercury 51 99.8 1.2

Ethylbenzene 36 99.9 0.74

Dichloroethylene, 1,1 16 99.9 0.33

Dichloroethane, 1,1 11 99.9 0.23

Kerosene 10 >99.9 0.21

Toluene 5.2 >99.9 0.11

Benzene 2.8 >99.9 0.057

Methyl isobutyl ketone 2.2 >99.9 0.053

Trichloroethane, 1,1,2 0.98 >99.9 0.020

Dichlorobenzene 0.89 >99.9 0.018

Dichloroethane, 1,2 0.77 >99.9 0.016

Methyl butyl ketone 0.51 >99.9 0.010

Continued on next page.
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Table III-1.  Maximum annual emission rates for volatile chemicals treated in the
Area 514 Tank Farm (Cont’d).

Chemical

Maximum
annual

emission rate
(g/yr)

Cumulative percent
emission rate (% of

total mass of all
compounds released)

Maximum annual
emission rate

per 1000 gal treated
(g/yr)

Vinyl chloride 0.48 >99.9 0.0099

Carbon tetrachloride 0.15 >99.9 0.0031

Methyl bromide 0.019 >99.9 0.00039

Styrene 0.017 >99.9 0.00035

Chloroethane 0.00026 >99.9 0.0000053

a “Freons” include database listings for chlorinated fluorocarbon, fluorocarbons, Freon, Freon TF,
Freon 113, trichlorofluoromethane, and trichlorotrifluoroethane.

b “Tetrachloroethanes” include database listings for tetrachloroethane and tetrachloroethane, 1,1,2,2.

c “Oil” does not identify a specific chemical, and we assumed it to be machine oil containing benzene,
ethylbenzene, naphthalene, and xylenes (see Section III.1.3).

III.3.1.3 Area 514-1 Units

Waste to be treated in the future Area 514-1 units is not expected to differ in
characteristics from the waste treated at the Area 514 Tank Farm.  These units will be
used to treat a portion or all of the present Area 514 Tank Farm waste stream.  Air
emissions from the Area 514-1 units will be controlled by means of an air abatement
device to which all treatment units exhaust.  Therefore, the use of the Area 514-1 units
will significantly reduce air emissions estimated for the Area 514 Tank Farm, and the
associated risks, in proportion to the amount of waste stream they treat.  When the Area
514-1 units are fully operational, additional information will be available to determine
quantitatively the amount of emissions reduction they afford.

III.3.1.4 Area 612 Facility

Waste handled in the Area 612 Facility may emit volatile organic constituents or
mercury during bulking or transferring operations.  The approach we adopted for the
Area 514 Tank Farm, which assumed 100% loss during treatment operations, is not
appropriate for bulking and transfer operations because the air contact times are
relatively limited in the latter.  The emission rates associated with these activities were
estimated using emission factors developed by the EPA for many common industrial
operations.  These factors are reported in the Compilation of Air Pollutant Emission Factors
(AP-42) (EPA, 1995).

An emission factor is an average value which relates the quantity of a volatile
compound released to the atmosphere to an operational activity leading to release of the
compound.  It is usually expressed as mass released per unit mass, volume, distance, or
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duration of the activity that leads to release; and it is used for air emission sources
which are variable with respect to time and which are not characterized by direct
sampling.  In most cases, the factors are averages of the data available that is considered
of acceptable quality.  For bulking and transfer of organic liquids, emission factors are
expressed as empirical formulas which relate emissions to variables, such as vapor
pressure and temperature.

The emission factors developed by the EPA (1995), however, do not apply specifically to
aqueous waste streams containing low concentrations of volatile organic compounds;
but rather they apply to the pure form of the compound.  Application to dilute
concentrations of organics, as are encountered in the waste streams associated with
HWM Division facilities, requires the assumption that volatile organic compounds in
solution have the same tendency to evaporate as does their pure form.  This latter
assumption tends to overestimate the emission factor because dilute volatile organics,
which are solubilized to some extent by the aqueous media, have a lower tendency to
evaporate than the pure phase.  A precedent for adopting this approach was established
by the EPA in its Hazardous Waste TSDF-Background Information for Proposed RCRA Air
Emission Standards, Appendix C (June 1991), in which application of the AP-42 emission
factor approach is suggested for calculation of air emissions from the loading of
aqueous wastes containing organic compounds into containers, such as drums and tank
trucks.  The referenced AP-42 equation (Equation IV-1 in Section IV.2-4 of this RCRA
document) is

LL = 12.46  (SMP/T) (III-2)

where:

LL =  emission factor representing loading loss, or release, in
 pounds/1000 gallons of liquid loaded,

12.46 =  an empirical factor,

S =  a saturation factor (for submerged fill, S = 1.0),

M =  molecular weight in grams/mole,

T =  temperature (°F + 460), and

P =  liquid vapor pressure, psia.

Table III-2 gives the calculated emission factor for volatile organic constituents of waste
(chemicals from Table D-9 with Henry’s Law constants from Appendix D greater than
or equal to 1 Pa-m3/mol) that was transferred or bulked at the Area 612 Facility in 1992
and 1993, along with the calculated emission rates.  Vapor pressures and molecular
weights are given in Appendix C, Table C-13.  We calculated emission rates by
multiplying the emission factor by the total annual volume throughput of each volatile
chemical, expressed in units of thousands of gallons.  We obtained the “throughput”
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volumes for 1992 and 1993 by dividing the total annual mass of each constituent
(Table C-10), in grams, by the density of the compound (grams per unit volume), and
correcting the volume units to those of thousands of gallons.  The calculated emission
rates, initially expressed in units of pounds per year, are converted to units of grams per
year.   Table III-2 gives the calculated maximum emission rates, for the larger of either
the 1992 and 1993 rates.  Again, cumulative percents are shown.

Table III-2.  Maximum annual emission rates for volatile chemicals handled in
the Area 612 Facility.

Chemical

Calculated emission
factor

(pounds/1000-gal
chemical)

Maximum
annual

emission rate
(g/yr)

Cumulative percent
emission rate

(% of total mass of all
compounds released)

VHSa 21.6 59 33.5

Methylene chloride 13.6 37 54.6

Chloroform 8.95 19 65.3

Acetone 5.05 17 75.0

Trichlorethylene 3.70 15 83.5

Methanol 1.5 10 89.2

Trichloroethane, 1,1,1 6.25 9.9 94.8

Hexane 5.88 4.3 97.3

Freonsb 59.1 2.8 98.9

Xylenes 0.434 0.77 99.3

Acetonitrile 1.36 0.52 99.6

Benzene 2.75 0.19 99.7

Dieselc

     Benzene 2.75 0.032 99.7

     Toluene 0.865 0.11 99.8

     Xylenes 0.434  0.052 99.8

Diethylammonium acetated 3.5 0.080 99.9

Vinyl chloride 21.6 0.069 >99.9

Methyl isobutyl ketone 0.657 0.049 >99.9

Ethyl acetate 2.96 0.035 >99.9

Tetrahydrofuran 4.24 0.025 >99.9

Methyl ethyl ketone 2.54 0.022 >99.9

Trichloroethane, 1,1,2 1.15 0.017 >99.9

Toluene 0.865 0.0071 >99.9

Continued on next page.
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Table III-2.  Maximum annual emission rates for volatile chemicals handled in
the Area 612 Facility (Cont’d).

Chemical

Calculated emission
factor

(pounds/1000-gal
chemical)

Maximum
annual

emission rate
(g/yr)

Cumulative percent
emission rate

(% of total mass of all
compounds released)

Tetrachloroethylene 1.05 0.0036 >99.9

Oile

    Benzene 2.75 0.00020 >99.9

    Ethylbenzene 0.483  0.000036 >99.9

    Naphthalene 0.00467  0.000026 >99.9

    Xylenes 0.434  0.00016 >99.9

Ethylbenzene 0.483 0.000043 >99.9

Dichloro(1-3) tetraisopropyl (1,1,3,3)
disiloxane (1,3)

4.9 × 10–4 2.9 × 10–7 >99.9

Heptachlor 0.0000509 6.1 × 10–8 >99.9

Mercury 0.0000437 5.2 × 10–9 >99.9

Polychlorinated biphenyls (PCBs) 0.000111 1.3 × 10–10 >99.9

Tetrachlorodibenzo-p-dioxin 2,3,7,8 2.22 × 10–10 2.6 × 10–20 >99.9

a “VHS” does not identify a specific chemical, but represents volatile halogenated compounds.
b “Freons” include database listings for Freon TF.
c “Diesel” does not identify a specific chemical, and is assumed to be composed of benzene, toluene, and

xylene (Section III.1.3) composition.
d A vapor pressure for diethylammonium acetate could not be found for calculating the emission factor.

However, this compound readily dissociates in solution to diethylamine and acetic acid.  The emission
factor and maximum annual emission rate are calculated for the volatile species, diethylamine.

e “Oil” does not identify a specific chemical, and we assumed it to be machine oil containing benzene,
ethylbenzene, naphthalene and xylenes (Section III.1.3).

III.3.2 Maximum Hourly Emission Rates

Chemicals of concern for the maximum hourly emissions are those that pose an acute
inhalation hazard.  We calculated maximum hourly emissions for the Area 514 Tank
Farm and the Area 612 Facility based on historical maximum quantities of volatile
chemicals present in either the treatment tanks or in any one container for which
bulking or transferring operations took place.  The procedures for selecting chemicals of
concern for calculating these emissions are discussed separately for the Area 514 Tank
Farm and the Area 612 Facility in the subsections below.
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III.3.2.1 Area 514 Tank Farm

In order to calculate maximum hourly emissions from the Area 514 Tank Farm, we
derived the maximum  blend concentration of each of the Table C-4 waste constituents
that pose acute toxicological risks.  To identify the chemicals of interest, we compared
the chemicals in Table C-4 to lists in 1993 and 1994 proposed versions of the drafts of
the State of California’s Air Toxics “Hot Spots” Program Risk Assessments Guidelines
(CAPCOA, 1993; CAL/EPA, 1994).  We identified 16 chemicals for which we calculated
maximum hourly emissions.

The maximum hourly emission of volatile organic chemicals was assumed to be the
emission from a hypothetical blend of wastes (called the “Maximum Blend”) that
contained the maximum quantity of each of these 16 chemicals that was observed in any
one blend for the years 1992 and 1993.  A blend represents a mixture of individual
wastes that are treated in one or more tanks, depending on the initial blend volume.
The data provided in Tables C-1 and C-2 from the HWM Division database served as
the source of the quantitative information.  The batch number in these tables identifies a
blend.  For example, Batch no. 93-22/33 is the blend that was treated in batches 22
through 33 in 1993.  To calculate the maximum quantity, we analyzed each blend for
each of the chemicals of interest and summed the quantities of these chemicals for each
blend.  The maximum summed quantity for each chemical, considering all of the
blends, was then normalized to a 1,000-gallon batch volume by dividing the total mass
by the gallons in the blend to get grams per gallon, and then multiplying by
1,000 gallons (3,875 liters).  Because six tanks exist at the tank farm, we assumed that all
six tanks contained the maximum quantity of each chemical of concern.  Table III-3 lists
the maximum derived quantities of the 16 chemicals which are considered potentially
toxic under acute exposures.

We estimated emissions from this “Maximum Blend” by considering the mass transfer
rate at the surface of a continuously stirred tank containing the blend, with dimensions
similar to tank dimensions at the Area 514 Tank Farm.  Briefly, the approach we
adopted considers the emission rate to be driven by the partial pressure of the chemical
in the vapor phase in equilibrium with the aqueous concentration, and limited by the
diffusion rate of the chemical through a stagnant air phase at the air-water interface.
The mathematical basis of the mass transfer calculations is provided in Appendix E.
The results of the mass transfer calculations (in grams per hour per tank) were
multiplied by 6 to account for all six tanks and are provided in Table III-3.
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Table III-3.  Quantities of acutely toxic chemicals assumed for the “Maximum Blend,”
and maximum hourly emission rates.

Chemical
Maximum quantity

per 1,000-gallon batch
(grams)

Maximum hourly emission
from six tanks

(grams per hour)

Acetone 210 0.061

Benzene 2.5 0.088

Carbon tetrachloride 0.0090 0.0011

Chloroform 37 1.1

Isopropyl alcohol 0.12 2.02 × 10–5

Mercury 6.4 0.70

Methyl alcohol 3800 0.31

Methyl bromide 0.0018 9.32 × 10–5

Methylene chloride 29 0.62

Methyl ethyl ketone 15000 1.2

Styrene 0.0016 2.52 × 10–5

Tetrachloroethylene 5500 390

Toluene 0.32 0.011

Trichloroethane, 1,1,1 200 8.8

Vinyl chloride 0.45 0.049

Xylenes 3.0 0.083

III.3.2.2 Area 612 Facility

Maximum hourly emissions estimates for the Area 612 Facility were obtained by
referring to the electronic version of the HWM database records listed in the
supplemental document (LLNL, 1995).  The chemicals of concern, as with the Area 514
Tank Farm, are those chemicals listed in Table C-9 that pose acute toxicological risks,
according to the draft CAL/EPA’s Air Toxics “Hot Spots” Program Risk Assessments
Guidelines  (CAPCOA, 1993; CAL/EPA, 1994).  We identified 11 chemicals that satisfy
this criteria and that were present in waste that was bulked or transferred at the Area
612 Facility during 1992 and 1993.  For each chemical of concern, the container
containing the maximum mass of the chemical in either year was identified.  We then
assumed that the container was bulked or transferred during a one-hour period.
Emissions were calculated using the same EPA AP-42, chemical-specific emission
factors derived for maximum annual emissions from this facility.  The maximum mass
of each chemical was converted to volumetric units by dividing by density, as described
in Section III.3.1, and multiplied by the emission factor to obtain a maximum hourly
emission rate.  The maximum hourly emission estimates are shown in Table III-4.
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Table III-4.  Maximum quantities of acutely toxic chemicals in containers that were
transferred and bulked in 1992 and 1993, and maximum hourly emission rates.

Chemical
Maximum quantity

 (grams)
Maximum hourly emission

(grams per hour)

Acetone 9500 5.7

Benzene 240 0.079

Chloroform 17000 18

Mercury 1.0 5.2 × 10-9

Methyl alcohol 11000 2.1

Methylene chloride 19000 31

Tetrachloroethylene 28 0.0036

Toluenea 1100 0.11

Trichloroethane, 1,1,1 13000 9.9

Vinyl chlorideb 18000 47

Xylenes 15000 0.77

a Toluene quantity arises mainly from assuming 80-mg/kg toluene concentration in diesel
(Section III.1.3).

b Vinyl chloride arises mainly from assuming that the VHS component listed in the HWM database is
vinyl chloride.
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LWRP Livermore Water Reclamation Plant
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Figure  III-2. Types of waste treated in the Area 514 Waste Water Treatment
Tank Farm in 1992 (reported as percent of total waste volume).
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Figure  III-3. Types of waste treated in the Area 514 Waste Water Treatment
Tank Farm in 1993 (reported as percent of total waste volume).
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Section IV. Description of the Dispersion Model

IV.1 Introduction

IV.1.1 Dispersion Modeling

The movement of gases in the atmosphere is governed by the motions of the
atmosphere. Some atmospheric motions dictate the paths to be followed by airborne
contaminates; other motions determine the extent to which the contaminants will be
diluted. Numerous field experiments over the last 75 years have yielded greater insight
into the relations between wind fluctuations and pollutant dispersal. These experiments
have revealed a bell-shaped, or Gaussian, character of the average crosswind and
vertical concentration distribution. Equations have been developed to estimate
downwind concentrations to the vertical and horizontal concentration distribution
function in a plume as a function of distance, meteorology, and character of surface.
These techniques have received extensive scrutiny and wide acceptance.

A series of equations are needed to model dispersion under various source
configurations and meteorological conditions. These equations can be written into a
computer program, and many such programs have been approved by the U.S.
Environmental Protection Agency (EPA) for use in a wide variety of situations.
Computerized dispersion models have the capability of simulating different conditions,
such as building downwash, plume rise, and various source configurations. Other
options involve the use of urban or rural dispersion parameters, different forms of
receptor configurations, different selections of averaging times, and different
configurations of outputs.

IV.1.2 Model Selection

Regulatory applications of dispersion models should conform to the criteria set forth in
the Guideline on Air Quality Models (EPA, 1986).  Additional guidance is available from
the Bay Area Air Quality Management District (BAAQMD).  The modeling application
was carried out in accordance with a modeling protocol that was reviewed and
approved by the appropriate agency prior to conducting the modeling.  The modeling
protocol identified the specific modeling options and input data to be used for a
particular application.  Modeling methods for this project were approved by the
BAAQMD.

The EPA-approved computer model, Industrial Source Complex—Short Term,
Version 2 (ISC-ST2), was selected to model the volatile contaminates released from
LLNL’s hazardous waste management facilities. The ISC-ST2 model is a steady-state
Gaussian plume model that can be used to assess pollutant concentrations from a wide
variety of sources associated with an industrial source complex (EPA, 1992). ISC-ST2
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includes several options for modeling air quality impacts of pollutant sources, making it
a preferred choice among the air dispersion modeling community. The ISC-ST2
computer model allows for selection of a series of regulatory options that will force the
model to execute according to the preferences of the EPA. Options that deviate from the
regulatory standard must be defined by using descriptive keywords. The input
parameters are documented in the input and output files.

The ISC-ST2 model is capable of handling multiple sources, including point, volume,
and area source types. The model has considerable flexibility to utilize formatted
computer files that contain sequential hourly records of meteorological variables.
Multiple receptor networks may be included in a single computer run. The receptor
networks may be a mix of discrete points, Cartesian, and polar grids. This is useful for
the current project in order to establish a coarse grid over the whole modeling domain,
but a denser grid in the area of maximum expected impacts.

The two basic types of output available with ISC-ST2 are overall maximum
concentration and annual-average concentration for each receptor. We used multiple
years of meteorological data and computed the maximum hour and annual average for
each of the years. As suggested by the EPA, the maximum hour we used for the risk
calculations was the maximum hour of all modeled years; the annual average used was
the average of the annual averages from all modeled years.

IV.1.3 Source Characterization

We modeled the atmospheric dispersion of volatile compounds that may be emitted
from operations at the hazardous waste treatment facilities at the Area 514 Facility and
the Area 612 Facility. The substances are gaseous, non-buoyant, volatile organic
compounds. We assumed the emission rates are constant under all conditions. The
dispersion characteristics of all the gases are similar enough to be considered
equivalent. The settling velocity was set to 0 in order to yield conservative results. The
settling velocity is a positive value when the substance to be modeled is a particle that
will drift downward, leading to lower concentrations at downwind locations. The
reflection coefficient is set to 1.0 so that plume will not be depleted from impacting with
the ground. This ensures that 100% of the plume remains in the air to contribute to
downwind pollutant concentrations.

IV.1.3.1 Area 514

The primary emission source at Area 514 is associated with the bulking operation,
which involves the transfer of liquid waste from small containers into larger containers.
Other sources of volatile compounds include the open-top waste treatment tanks.
Because these operations are performed in very close proximity, within 10 feet
(3 meters) vertically and 33 feet (10 meters) horizontally, we modeled them as a single
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source.  (Modeling all Area 514 sources as a single, small source yields higher
downwind concentrations than would modeling them as multiple sources.)

IV.1.3.2 Area 612

The primary emission source at the Area 612 Facility is associated with bulking and
transferring liquid waste among containers, storage tanks, and tanker trucks for offsite
shipment. These operations are concentrated near the eastern edge of the Facility, just
east of Trailer 6179. This source was modeled as a single point located near the surface
to yield conservative estimates of downwind concentrations.

IV.1.4 Unit Emission Rates

A single model run can be used to calculate dispersion of all the compounds by
employing a release rate (Q) of 1 gram per second (also known as the unit emission
rate).  For each year of the simulation, the model calculated the average and maximum
concentrations that are normalized to the unit release rate.  Deposition amounts were
not modeled because this pathway is relatively insignificant. The normalized
concentration, either annual average or maximum hour, is typically identified as χ/Q
(Chi over Q). To calculate downwind concentrations (χ) resulting from a given release
rate at either location, we multiplied the normalized concentration (with units of
seconds per cubic meter) by the actual release rate in grams per second. The resulting
concentration has units of grams per cubic meter, and each source contributes to the
total concentration at a given receptor location. Assuming the background
concentration of the compound is negligible, we obtain the total concentration at a
particular receptor by adding the concentrations from both sources.

IV.1.5 Receptor Selection

Concentrations were computed for four categories of receptors:  adult offsite worker
(awoff), adult onsite worker (aos), nearby residence (res), and child day care center
(cdc).  From these categories, we selected a total of  eight receptors:  one adult offsite
worker, two adult onsite workers, three nearby residences (Residences A, B, and C), and
two child day care centers.  The eight receptors were chosen from all possible locations
by finding the highest, annual-average or maximum-hour concentrations resulting from
hazardous waste management operations.

Preliminary model runs showed that the highest concentration to a Maximally Exposed
Individual (ΜΕΙ) adult worker offsite (MEIawoff) was located at the UNCLE Credit
Union, located at Building 6425 near Greenville Road. No other place of business
receives higher modeled concentrations.

The MEI adult onsite (MEIaos) should be located near one of the sources because the
sources are near the surface, and there is no plume rise to diminish the near-field
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concentrations. We placed receptors around each source in all directions at the closest
practical radius that still produced valid results.  According to the EPA and the
BAAQMD, the downwind concentrations as modeled by ISC-ST2 are valid beyond the
edge of an area source at distances greater than the width of the source.  The width of
the source in this case is 16 feet (5 meters).  We placed the MEIaos receptors 33 feet
(10 meters) from each source to account for potential exposures of hazardous waste
management workers.  Because of administrative controls and fencing, other LLNL
employees are located more than 33 feet (10 meters) from the emission source.

From all possible residences, we identified three residences as receiving the highest
offsite concentrations from hazardous waste management operations.  All three
residences are located on Greenville Road, and we designated them as Residences A, B,
and C. Residence A is directly across Greenville Road from the UNCLE Credit Union
and receives the highest annual-average exposure. Residences B and C are located near
the intersection of Greenville Road and East Avenue and receive the highest
maximum-hour exposure.

Receptors representing a hypothetical child day care center (cdc) were located in the
residential area featuring the highest concentrations from hazardous waste
management operations.  This residential area is located near the main entrance to
LLNL northwest of the intersection of Vasco Road and Westgate Drive.  Receptors were
placed at the nearest boundary (NB) and furthest boundary (FB) of this residential area,
designated as MEIcdcNB and MEIcdcFB, with respect to both sources.  These two
receptors establish the range of concentrations in that residential area.

IV.2 Application of the ISC-ST2 Model

Figure IV-1 is a diagram of the data flow when running the ISC-ST2 model. The input
data required for a single computer simulation include one year of hourly averaged
meteorological data, and geographic locations of the sources and receptors.  Other input
parameters include commands to compute maximum and annual averages at all
receptors and emission rates of each source.  For every hour in the yearlong
meteorological record, the model computes the dispersion to all receptors.  The ISC-ST2
model keeps track of the maximum-hourly and overall annual-average concentration at
each receptor.

We utilized most of the regulatory defaults in the computer model.  What follows is a
detailed description of the inputs to the ISC-ST2 model and the resulting model output.

IV.2.1 Model Inputs

The ISC-ST2 model allows input with descriptive keywords that are accompanied by
the user-supplied value for the respective parameter.  The actual input file is presented
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in Appendix F.  Model input is organized into four groups: Control, Source, Receptors,
and Meteorology.

IV.2.1.1 Control

Dispersion parameters (σx and σy) were calculated in the rural mode as described in the
ISC2 Users Guide (EPA, 1992).  We used the regulatory default values for the wind
profile exponents and vertical potential temperature gradient.

IV.2.1.2 Source

Both the Area 514 and Area 612 sources are closely approximated in the model as small
areas near the surface. The sources have been modeled as a square with sides 16 feet
(5 meters) in length. Figure IV-2 is a scale map of LLNL featuring the locations of HWM
Division facilities. The Universal Transverse Mercator (UTM)  coordinates of the Area
514 area source is 4171030 North 614645 East (UTM Zone 10). The UTM coordinates of
the Area 612 point source is 4171105 North 614763 East (UTM Zone 10).

IV.2.1.3 Receptors

We used multiple receptor networks when we ran the ISC-ST2 model. The receptors are
divided into four groups: large grid, small grid, discrete, and near-field. For all receptor
groups, receptors within 33 feet (10 meters) of the center of either source were rejected.
Annual-average surface concentrations were computed at all receptors, and maximum
one-hour average surface concentration were computed at all offsite receptors.

IV.2.1.3.1          Large grid of receptors

A large Cartesian grid of 3 miles (5 kilometers) on a side and centered on LLNL was
used to predict concentrations in the general vicinity of LLNL. The large grid has 441
receptors (21 × 21). The southwest corner of the large Cartesian grid has UTM
coordinates of 4168750 N 612250 E.

IV.2.1.3.2          Small grid of receptors

The smaller Cartesian grid has a receptor spacing of 160 feet (50 meters) and is
0.6 square mile (1 square kilometer) centered on the hazardous waste management
facilities.  The small grid also has 441 receptors (21 × 21).  This small grid was designed
to cover the entire area that could feature risk greater than 10-6 and included the
location around the nearest offsite receptors (see Figure IV-2).  The southwest corner of
the small Cartesian grid has UTM coordinates of 4170575 North 614175 E.

The box in Figure IV-2  denotes the perimeter of the large and small grids of receptors.

IV.2.1.3.3          Discrete receptors

Table IV-1 summarizes additional receptors at locations of maximum exposure from
hazardous waste management operations to nearby residents and offsite workers.  The
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locations of these discrete receptors are noted on Figure IV-2.  Three residences were
identified as described in Section IV.1.5.  No other residence is closer to the hazardous
waste management facilities than these three.  The UNCLE Credit Union is the location
of  Maximally Exposed Individual offsite (MEIawoff), at a workplace.  The closest
residential area is located just west of LLNL and is bracketed by receptors placed at the
upwind and downwind extremes, identified below as Residential Areas Near Boundary
and Far Boundary.

Table IV-1. Locations of discrete receptors as modeled by ISC-ST2 (in meters).

UTM Coordinates

Location Receptor Northinga Eastinga Elevationb

UNCLE Credit Union MEIawoff 4171475 614950 208

Residence A MEIresA 4171457 615072 211

Residence B MEIresB 4170862 615055 223

Residence C MEIresC 4170923 615066 221

Residential Area, Near Boundary MEIcdcNB 4171948 613076 190

Residential Area, Far Boundary MEIcdcFB 4172357 612838 183

aNorthing and Easting are the UTM coordinates with units of meters.

bElevation is in meters above mean sea level.

Note:

MEIawoff = Maximally Exposed Individual/adult worker offsite.

MEIres A = Maximally Exposed Individual/residence A.

MEIres B = Maximally Exposed Individual/residence B.

MEIres C = Maximally Exposed Individual/residence C.

MEIcdcNB = Maximally Exposed Individual/child day care center nearest boundary.

MEIcdcFB = Maximally Exposed Individual/child day care center furthest boundary.

IV.2.1.3.4 Near field receptors

The Maximally Exposed adult onsite (MEIaos) should be at the maximum risk point that
is the closest practical location to either source. The ISC-ST model was directed to place
36 receptors at 10 degree intervals around each of the two sources at the closest
allowable distance (i.e., 33 feet [10 meters] from the source).

IV.2.1.4 Meteorology

We employed  onsite data for meteorological input to the ISC-ST2 model. These data
have been collected near the northwest corner of the Livermore site since 1985.  The
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Terrestrial and Atmospheric Monitoring and Modeling Group of LLNL maintain the
meteorological system, and every six months, it is calibrated and audited by the U.S.
Bureau of Land Management.

The meteorological tower is on LLNL property 1.2 miles (2 kilometers) northwest of the
critical sources and 1.4 miles (2.3 kilometers) northwest of the furthest discrete receptor.
The tower features anemometer and temperature sensors at the 33- and 130-feet (10-
and 40-meter) levels. The meteorological data from this tower site were deemed
appropriate by the BAAQMD for use in modeling dispersion from locations in and
around LLNL.

The meteorological system has been maintained and the data processed according to
guidelines in Quality Assurance Handbook for Air Pollution Measurement Systems: Volume
IV. Meteorological Measurements (EPA, 1983) and On-Site Meteorological Program Guidance
for Regulatory Modeling Applications (EPA, 1987).

Meteorological data for 5 years (1990 through 1994) were compiled into hourly
averages. EPA guidance indicates that 5 years of representative meteorological data
should be used when estimating concentrations with an air quality model. The data
from this time span ensures that worst-case meteorological conditions are adequately
represented in the model results. The meteorological data set used for the current
modeling yields 43,571 hourly averages at the 33-foot (10-meter) level, which represents
99.4% recovery over the 5-year period. EPA guidelines require that data recovery be
greater than 90%.

Figure IV-3 is a wind rose from the 5 years of meteorological data. Table IV-2 is the
tabular form of the same joint-frequency data showing the percentage of occurrence of
the winds in the given wind speed range and from a particular direction. The width of
the barb segment in the figure indicates the wind speed class. The length of each barb
segment is proportional to the frequency of wind from the indicated direction and in the
respective wind speed class.

The LLNL meteorological data were sent to the BAAQMD for processing into files
ready for the ISC2-ST2 model. The processing includes adjustment of the wind during
times of calm winds, computation of stability class, adjustment of stability class, and
inclusion of mixing height.

Calm winds are identified as winds with magnitudes less than the threshold of the
anemometer set.  The threshold of the LLNL anemometer is 1.6 feet/second
(0.5 meters/second).  Winds below this magnitude are not forceful enough to push the
wind vane towards the correct direction.  The EPA and the BAAQMD recommend that
during calm periods, the wind speed is set to the threshold (0.5 meters/second), and the
wind direction is equal to the previous hour’s wind direction.
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We computed stability using the Modified Sigma Theta method recommended by the
EPA in its On-Site Meteorological Program Guidance for Regulatory Modeling Applications
(1987).  The stability class was further adjusted so that it could not change by more than
one class per hour.

Table IV-2.  Wind rose for LLNL from 1990 through 1994.

Wind Speed (meters/second)

Direction 0.0-0.4 0.5-2.9 3.0-4.9 5.0-6.9 ≥7.0 Total

NNE 0.84 2.29 1.69 0.40 0.10 5.3

NE 0.84 3.72 2.11 0.12 0.00 6.8

ENE 0.84 2.46 0.11 0.03 0.06 3.5

E 0.84 2.00 0.10 0.04 0.03 3.0

ESE 0.84 2.12 0.08 0.00 0.00 3.1

SE 0.84 1.55 0.04 0.00 0.00 2.4

SSE 0.84 1.62 0.14 0.03 0.00 2.6

S 0.84 4.86 0.63 0.29 0.14 6.8

SSW 0.84 7.03 1.75 0.69 0.26 10.6

SW 0.84 7.34 6.12 2.59 0.42 17.3

WSW 0.84 7.39 5.01 1.32 0.15 14.7

W 0.84 4.95 5.55 1.81 0.03 13.2

WNW 0.84 1.91 0.58 0.18 0.00 3.5

NW 0.84 1.33 0.23 0.04 0.00 2.4

NNW 0.84 1.23 0.37 0.11 0.03 2.6

N 0.84 0.72 0.30 0.26 0.14 2.3

Total 13.4 52.5 24.8 7.9 1.4 100.0

The mixing height is not currently monitored at LLNL.  The BAAQMD recommends a
constant value of 2,000 feet (600 meters) for mixing height, and we used this value.
Although a constant value is unrealistic, mixing height values will not substantially
affect the calculation of concentrations within 2 miles (3 kilometers) of the sources.

IV.2.2 Model Output

Normalized concentrations (χ/Q) from each source are presented in the data tables and
figures of this section.  The annual averages presented are the arithmetic average of the
annual averages from model runs of each of all 5 years.  The maximum-hour data
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presented here are the highest value of the 5 maximum-hourly values from the model
runs.  We obtained the concentration of a single compound at a given receptor location
resulting from emissions of a particular source by multiplying the emission rate of that
compound in units of grams per second by the normalized concentration modeled for
the source-and-receptor combination. The result has units of grams per cubic meter.
For total concentration of a single compound at a receptor location, we summed the
contribution from the two sources.

It is evident by these results that there are several differences between the annual-
average and maximum-hour normalized concentrations. The annual average is strongly
influenced by the frequency of wind blowing from the source to the receptor. The field
of annual averages of χ/Q shown in Figures IV-4, IV-5, and IV-6 reflects the wind rose
in Figure IV-3. The bulge of higher average concentrations is towards the northwest.

The maximum-hourly concentration occurs during the night when the wind speed is
very low. These meteorological conditions occur at least once for every wind direction.
The resulting pattern of equal values of maximum-hourly, normalized concentrations
appears as concentric “circles” around the source.

IV.2.2.1 Selected Receptors

Table IV-3 shows the annual average and maximum hour of normalized concentrations
at the six discrete receptors.

Table IV-3.  Annual-average and maximum-hour normalized concentrations (χ/Q) at
the discrete receptors resulting from releases from sources at Areas 514 and 612.

Annual-average Maximum-hour

Receptor

Area 514
χ/Q

(s/m3)

Area 612
χ/Q

(s/m3)

Area 514
Max χ/Q

(s/m3)

Area 612
Max χ/Q

(s/m3)

MEIawoff 1.7 × 10-5 2.6 × 10-5 1.8 × 10-3 2.9 × 10-3

MEIresA 1.2 × 10-5 2.1 × 10-5 1.5 × 10-3 2.4 × 10-3

MEIresB 5.4 × 10-6 5.9 × 10-6 2.6 × 10-3 3.3 × 10-3

MEIresC 6.3 × 10-6 6.6 × 10-6 2.6 × 10-3 3.7 × 10-3

MEIcdcNB 1.4 × 10-6 1.4 × 10-6 2.7 × 10-4 2.5 × 10-4

MEIcdcFB 9.1 × 10-7 9.2 × 10-7 1.9 × 10-4 1.9 × 10-4

IV.2.2.2 Receptors near Sources

Figure IV-4 shows the annual average normalized concentration at receptors near each
source.  As described earlier, 36 receptors were set on a circle centered on the center of
each source; the radius of the circle is 33 feet (10 meters).  Of these 36 near-source
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receptors, the MEIaos was located at the single receptor receiving the maximum,
normalized concentration (i.e., MEIaos 514 and MEIaos 612).  Table IV-4 shows the
maximum values from each of the four combinations of receptor proximity and
emission source.

Table IV-4.  Maximum values of annual-average normalized concentrations with
units of seconds per cubic meter.

Onsite location Receptor name From Source 514
(s/m3)

From Source 612
(s/m3)

10 m from Area 514 MEIaos514 7.7 × 10-3 1.3 × 10-4

10 m from Area 612 MEIaos612 1.6 × 10-4 7.7 × 10-3

IV.2.2.3 Large and Small Grids

Figure IV-5 and IV-6 show lines of equal values of normalized annual average
concentration for the Area 514 source for the large and small grids, respectively. Similar
contours can be found for the Area 612 source by translating the contours towards the
east-northeast by 140 meters. The shape of the contours bulges towards the northeast
due primarily to the increased frequency of winds in these directions.

Figures IV-7 and IV-8 are similar to Figures IV-5 and IV-6 although for the
maximum-hourly normalized concentration. The lines in these figures are almost
concentric circles because the maximum concentration occurs at night during conditions
of low winds and these conditions can be found at least once in the 5-year
meteorological record for every wind direction.

IV.3 References

Environmental Protection Agency (EPA). 1983. Quality Assurance Handbook for Air
Pollution Measurement Systems: Volume IV. Meteorological Measurements.  U.S.
Department of the Interior, Environmental Protection Agency, Research Triangle
Park, NC, February, EPA-600/4-82-060.

Environmental Protection Agency (EPA). 1986. Guideline on Air Quality Models.  Revised.
U.S. Department of the Interior, Environmental Protection Agency, Research
Triangle Park, NC, July, EPA-450/2-78-027R.

Environmental Protection Agency (EPA). 1987. On-Site Meteorological Program Guidance
for Regulatory Modeling Applications. U.S. Department of the Interior, Environmental
Protection Agency, Research Triangle Park, NC,  July, EPA-450/4-87-013.
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Environmental Protection Agency (EPA). 1992. User’s Guide for the Industrial Source
Complex (ISC2) Dispersion Models.  U.S. Department of the Interior, Environmental
Protection Agency, Research Triangle Park, NC, March, EPA-450/4-92-008.

IV.4 Acronyms

aos Adult onsite

awoff Adult worker offsite

BAAQMD Bay Area Air Quality Management District

cdc Child day care center

EPA U.S. Environmental Protection Agency

FB Furthest boundary

ISC-ST2 Industrial Source Complex—Short Term, Version 2

LLNL Lawrence Livermore National Laboratory

MEI Maximally Exposed Individual

NB Nearest Boundary

resA Residence A

resB Residence B

resC Residence C

UTM Universal Transverse Mercator
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Figure IV-1.  Data flow diagram for the ISC-ST2 model.
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Figure IV-3.  Wind rose of meteorological data used in the dispersion model.
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Figure IV-4.  Annual-average normalized concentrations (χ/Q) at the 36 receptors
10 meters around each source.  (The circular scales quantifies the χ/Q value with units
of 10–3 seconds per cubic meter.  The arrow pointing towards the northeast indicates
the highest concentration [7.69 × 10–3 seconds per cubic meter] is the northeast of the

emission point.)
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Section V. Screening to Identify
Exposure Pathways of Concern for

Maximally Exposed Individuals (MEIs)

V.1 Introduction

In previous sections of this risk assessment, the chemicals of potential concern
associated with the operation of the facilities located in Area 514 and Area 612 were
identified (based on a Henry’s Law constant greater than or equal to [≥] 1.0 Pa-m3/mol
and the potential for atmospheric release and transport), as were the locations for the
maximally exposed individuals (MEIs) onsite and offsite.  In order to characterize the
potential carcinogenic risk and noncancer hazard for the MEI at each exposure point,
the exposure pathway or pathways of concern for these MEIs need to be specified.
However, all the chemicals of concern are sufficiently volatile and insoluble (i.e., all
have a Henry’s Law constant ≥ 1.0 Pa-m3/mol) that inhalation should be the dominant
route of exposure.

To evaluate the relative importance of alternative exposure pathways, we used the
analytical computer-spreadsheet model, CAirTOX (McKone, 1993) to estimate
exposures to volatile compounds.  CAirTOX was developed for the State of California
Air Resources Board (CARB) and Office of Environmental Health Hazard Assessment
(OEHHA) of the California Environmental Protection Agency (CAL/EPA) as a tool for
determining the environmental fate of chemicals released into air and potential human
doses.  In this assessment, we used CAirTOX to screen the chemicals of concern on the
basis of categories of Henry’s Law constants ≥ 1.0 Pa-m3/mol (e.g., approximately 1.0,
10, 100, and 1000 Pa-m3/mol) and to demonstrate that for the chemicals with Henry’s
Law constants ≥ 1.0 Pa-m3/mol, the inhalation exposure pathway dominates all others
overwhelmingly.  The representative Henry’s Law constants and associated chemicals
of concern used for this exposure-pathway screening evaluation by CAirTOX  are:

• 1.1 Pa-m3/mol for methyl ethyl ketone

• 1.4 Pa-m3/mol for methanol

• 12 Pa-m3/mol for ethylene oxide

• 99 Pa-m3/mol for 1,2-dichloroethane

• 440 Pa-m3/mol for chloroform

• 1,500 Pa-m3/mol for tetrachloroethylene.

V.2 Applicability of CAirTOX

CAirTOX  (McKone, 1993) is a seven-compartment, steady-state, nonequilibrium,
transport-and-fate model that includes algorithms for estimating multipathway
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exposures.  CAirTOX  expands and improves upon the Health Risk Assessment (HRA)
computer program developed by CARB and OEHHA for similar applications (CARB
and OEHHA, 1992).  Specifically, CAirTOX is designed to impose conservation of mass
on the contaminated landscape unit, to be comprehensive in the potential pathways of
exposure, and, perhaps most importantly, to address a broad spectrum of chemicals
released into the atmosphere.  These attributes make it possible for CAirTOX to avoid
many deficiencies associated with other multimedia models.

The seven multimedia compartments in CAirTOX are air, surface soil, root-zone soil,
plant leaves, plant roots, surface water, and sediments.  The determination of exposure
consists of relating contaminant concentrations in the multimedia compartments to
contaminant concentrations in the media with which an individual has contact (e.g.,
personal air, tap water, soils, domestic garden vegetation etc.).  The dose is the product
of the exposure concentration in these contact media and an intake or uptake factor that
relates the dose to the respective concentrations and exposures.  Like the HRA model,
CAirTOX requires, as one of its principal input parameters, the results of atmospheric
modelling for the air shed in the vicinity of the source being assessed.

For purposes of this exposure-pathway screening analysis, a unit atmospheric
concentration of the chemical of interest (1.0 microgram per cubic meter [1.0 µg/m3]) is
introduced as input into CAirTOX.  In addition to the Henry’s Law constant, which
strongly influenced the partitioning between environmental compartments (e.g.,
air/soil, air/plant, air/water), other input parameters to CAirTOX include the physical
characteristics of the particular environment or landscape (e.g., size of contaminated
area, yearly average wind speed, annual average precipitation) in which the unit
atmospheric concentration exists; and those human anatomical, dietary, and behavioral
properties (e.g., age-specific body weight, breathing rate, fluid and food consumption
rates, activity-based exposure frequency) that connect the environmental distribution of
a unit concentration (1.0 µg/m3) of the chemical in the atmosphere to exposure
pathways and pathway-specific doses, given in units of mg/(kg-d).  CAirTOX provides
not only the dose from individual exposure pathways and the total dose from all
pathways, but also the percentage contribution to the total dose by each exposure
pathway for a chemical present in air, which is of immediate interest.  A detailed
description of CAirTOX is provided by McKone (1993) in the report prepared for the
CARB and the OEHHA of CAL/EPA.

V.3 CAirTOX Results:  Inhalation Dominated Exposure and Dose

The distribution of exposure and dose predicted by CAirTOX for the representative
Henry’s Law constants and associated chemicals of concern were obtained using
landscape characteristics for the Lawrence Livermore National Laboratory (Table V-1),
and default parameters for human anatomical, dietary, and behavioral properties
appearing in McKone (1993).  The chemical-specific properties that define the
intermedia transfer for these chemicals of concern either were developed using the
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methods described by McKone et al. (1993) for this purpose or, if provided, taken
directly from McKone et al. (1993).

As shown in Table V-2, CAirTOX reveals that for the chemicals of concern with Henry’s
Law constants ≥ 1.0, 10, 100, or 1000 Pa-m3/mol, more than 99.5% of the dose can be
attributed to inhalation exposure.  Thus, the carcinogenic risk and noncarcinogenic
hazard also will be dominated by inhalation exposure.  As a consequence of this
exposure-pathway screening analysis, all other pathways of exposure (e.g., ingestion of
food and water, or dermal exposure in showering) can be eliminated from further
consideration because their contribution to dose are inconsequential relative to
inhalation exposure.  This result is consistent empirically with the fact that these
chemicals are sufficiently volatile and relatively insoluble so as not to partition
significantly to other environmental media after being released into the air.  Therefore,
we can generalize this conclusion to the chemicals identified to be of concern from
operations at Area 514 and Area 612.
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V.5 Acronyms

CAL/EPA California Environmental Protection Agency

CARB California Air Resources Board

HRA Health Risk Assessment

MEI Maximally Exposed Individual

OEHHA Office of Environmental Health Hazard Assessment of the
California Environmental Protection Agency
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Table V-1.  Landscape characteristics for the Lawrence Livermore National
Laboratory environmental setting used in CAirTOX for the exposure-pathway

screening analysis.

Landscape property Units Value

Contaminated area m2 1.60 × 107

Annual average precipitation m/d 9.93 × 10-4

Flow of surface water into landscape m/d 0.00 × 100

Land surface runoff m/d 2.80 × 10-4

Atmospheric dust load kg/m3 6.15 × 10-8

Deposition velocity of air particles m/d 5.00 × 102

Plant dry mass inventory kg[DM]/m2 7.00 × 10-1

Plant dry mass production kg[DM]/m2 2.00 × 10-2

Plant dry mass fraction dimensionless 2.00 × 10-1

Plant fresh mass density kg/m3 1.00 × 103

Evapotranspiration from soil m/d 5.15 × 10-4

Evapotranspiration from surface water m/d 4.38 × 10-6

Thickness of ground soil layer m 1.00 × 10-2

Soil particle density; ground surface soil layer kg/m3 2.40 × 103

Water content in surface soil (volume fraction) dimensionless 1.00 × 10-1

Air content in surface soil (volume fraction) dimensionless 2.00 × 10-1

Erosion of surface soil kg/m2-d 3.30 × 10-3

Thickness of the root zone layer m 2.00 × 100

Soil particle density; root zone soil layer kg/m3 2.40 × 103

Water content of root zone soil layer (volume fraction) dimensionless 2.00 × 10-1

Air content of root layer (volume fraction) dimensionless 1.00 × 10-1

Fraction of land area in surface water dimensionless 5.92 × 10-3

Average depth of surface water m 4.57 × 100

Suspended sediment in surface water kg/m3 8.00 × 10-1

Suspended sediment in deposition kg/m2-d 1.05 × 101

Thickness of the sediment layer m 5.00 × 10-2

Solid material density in sediment kg/m3 2.40 × 103

Porosity of the sediment zone dimensionless 2.00 × 10-1

Sediment resuspension rate kg/m2-d 1.05 × 101

Ambient environmental temperature K 2.88 × 102

Surface water current m/d 0.00 × 100

Organic carbon fraction in surface soil dimensionless 1.20 × 10-2

 Organic carbon fraction in upper soil zone dimensionless 1.20 × 10-2

Organic carbon fraction in sediments dimensionless 2.00 × 10-2

Boundary layer thickness in air above ground surface soil m 5.00 × 10-3

Yearly average wind speed m/d 1.90 × 105
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Table V-2.  Relationship between representative Henry’s Law constants, associated
chemicals of concern, and the contribution of such chemicals to exposure and dose as

predicted by CAirTOX for the environmental distribution of a unit concentration
(1.0 microgram per cubic meter) of each chemical in the atmosphere.

Chemical

Henry’s Law
constant ≥ 1.0
(Pa-m3/mol)a

Percent of
exposure and dose

by inhalation
pathway

Percent of exposure
and dose by all other

potential exposure
pathways

Chloroform 4.4 × 102 100.00 0.00

1,2 Dichloroethane 9.9 × 101 100.00 0.00

Ethylene oxide 1.2 × 101 99.96 0.04

Methanol 1.4 × 100 99.80 0.20

Methyl ethyl ketone 1.1 × 100 99.53 0.47

Tetrachloroethylene 1.5 × 103 99.99 0.01

aHenry’s Law constants can be measured or derived from chemical properties and structure (see
Appendix D).
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Section VI.  Calculation of Atmospheric Concentrations
and Derivation of Inhalation Doses

VI.1 Introduction

The goals of this section are to calculate the maximum 1-hour atmospheric
concentrations for receptors offsite and the annual-average atmospheric concentrations
and the annual-average inhalation doses at each receptor.  These receptors are the
following Maximally Exposed Individuals (MEIs), identified in Section IV (and shown
on Figure IV-2):

• MEIawoff  = An adult worker offsite at the UNCLE Credit Union.

• MEIresA = An individual living at residence A immediately east and
across the street from LLNL on Greenville Road opposite the
Credit Union.

• MEIresB = An individual living at residence B across the street from
LLNL on Greenville Road between the UNCLE Credit Union
and the intersection of Greenville Road and East Avenue.

• MEIresC = An individual living at residence C at the intersection of
Greenville Road and East Avenue.

• MEIcdcNB = A youngster at a hypothetical child day care center in the
residential suburb west of the main entrance to LLNL, across
Vasco Road, with a near boundary (NB) opposite the LLNL
main entrance.

• MEIcdcFB = A youngster at a hypothetical child day care center in the
residential suburb west of the main entrance to LLNL, across
Vasco Road, with a far boundary (FB) at an exit of the
suburb northwest of the LLNL main entrance.

• MEIaos514 = An adult worker onsite within 33 feet (10 meters) of the
source at Area 514.

• MEIaos612 = An adult worker onsite within 33 feet (10 meters) of the
source at Area 612.

Potential acute, noncancer health effects were evaluated for the MEIs offsite based on
short-term exposure to peak emissions of each of the chemicals of concern that were of
specific interest to the state of California Air Toxics Hot Spots Program (CAPCOA, 1993;
CAL/EPA/OEHHA, 1994).  Potential carcinogenic risk and noncarcinogenic hazard
were characterized based on chronic exposure of all MEIs to the annual emissions of all
of the chemicals determined by screening to be of concern (as discussed in Section III).
We performed the characterizations of carcinogenic risk and noncancer hazard using
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procedures consistent with those provided as guidance by CAL/EPA/DTSC (1994).  At
offsite exposure points of interest, short-term exposure was associated with a maximum
1-hour concentration; and chronic exposure was associated with a conservative estimate
of the annual-average concentration produced by the chemical emissions from the Area
514 and Area 612 facilities.

VI.2 Maximum 1-Hour and Annual-Average Atmospheric Concentrations at
Exposure Points

The estimate of maximum 1-hour concentrations at an exposure point (expressed in
units of micrograms per cubic meter [µg/m3]) of each of the chemicals of concern that
are of specific interest to the state of California Air Toxics Hot Spots Program
(CAPCOA, 1993; CAL/EPA/OEHHA, 1994) was determined as the product of the
source-term specific, maximum 1-hour emission rate (expressed in units of grams per
hour [g/h]) reported in Section III for each of these particular emissions from
operations at Area 514 and Area 612, and the corresponding normalized concentration
(χ/Q) at the location of interest as determined by the atmospheric dispersion model.
(Normalized concentrations were obtained by using an assumed emission rate of 1
gram per second [1 g/s] in the dispersion model.  See Section IV.)  For purposes of this
calculation, we converted the 1-hour maximum χ/Q values, which are presented in
Section IV, from units of seconds per cubic meter (s/m3) to units of hours per cubic
meter (h/m3).

We obtained the estimate of the annual-average concentration of each chemical of
concern at an exposure point of interest (in milligrams per cubic meter [mg/m3]), based
on its emission from operations at Area 514 or Area 612, by following a two-step
procedure.  First, we converted the source-term specific highest estimates of annual
emission rates for each chemical of concern presented in Section III (Tables III-3 and
III-4) as potential emissions from the existing HWM facilities to units of grams per
second for a maximum annual process capacity of 250,000 gallons proposed for
operations at Area 514, or for a maximum doubling of the  1992/1993 operating capacity
at Area 612, respectively.  Next, we multiplied the selected, chemical-specific emission
rate by the corresponding source-specific, annual-average, normalized concentration
(i.e., χ/Q) predicted at the exposure point of interest by the atmospheric dispersion
model.  Each annual-average χ/Q presented in Section IV is expressed in units of
seconds per cubic meter, so that the product of an emission rate in grams per second
and an exposure-point specific χ/Q term yields a concentration at the exposure point
that is then readily converted to units of milligrams per cubic meter.

VI.3 Potential for Acute Noncancer Health Effects

We evaluated the potential for acute, noncancer health effects according to the
procedure prescribed by the state of California Air Toxics Hot Spots Program
(CAPCOA, 1993; CAL/EPA/OEHHA, 1994).  Specifically, we compared the predicted
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maximum 1-hour concentration for a chemical of concern to the acute reference
exposure level (REL) for that particular chemical.  The acute REL (generally based on
the most sensitive adverse health effect reported in medical and toxicological literature)
is published and defined by the state of California to be the 1-hour concentration
(µg/m3) at or below which no adverse health effects are anticipated from the exposure
to an individual at the maximum impacted, offsite location (CAPCOA, 1993;
CAL/EPA/OEHHA, 1994).  Dividing the maximum 1-hour concentration by the acute
REL published by the state of California yields a chemical-specific hazard ratio.  A value
of less than 1.0 for this ratio indicates that the emission and the corresponding 1-hour
maximum concentration for the emission of a specific chemical are not expected to
result in any acute, adverse health effects for the MEI at the exposure point.  Table VI-1
presents the chemicals of concern that are identified by the state of California Air Toxics
Hot Spots Program and that are also emitted from LLNL operations; the source-specific,
maximum 1-hour emission, and the corresponding 1-hour maximum concentration
predicted for these substances at the exposure points of interest, and the hazard ratios
for each chemical and MEI at the respective exposure points.  (It is highly unlikely that
all chemicals will have maximum emissions during any 1 hour; therefore, the hazard
ratios are not totaled.)

For all MEIs offsite (MEIawoff; MEIresA; MEIresB; MEIresC; MEIcdcNB; and MEIcdcFB), the
quotient of the 1-hour maximum concentration and acute REL for each chemical is less
than 1.0.  (As noted above, the hazard ratios are not summed; but if the hazard ratios
applicable to any offsite MEI were totaled, the result would still be less than 1.0.)  This
outcome reveals that it is unlikely these individuals would experience any acute,
adverse health effects from short-term exposure to peak emissions from the HWM
Division facilities.

The Air Toxics Hot Spots Program is not intended to be applicable to occupational
exposures to workers.  LLNL policy requires operational controls (i.e., engineering
controls, administrative controls, and use of personal protective equipment) to be
established to reduce or eliminate worker exposure above published standards and
guidelines, pursuant to DOE Order 5480.10 (DOE, 1985).  These operational controls are
described in the Facility Safety Plans for Areas 514 and 612 (LLNL, 1989; LLNL, 1992).
For these reasons, and especially because protection of worker health and safety are a
priority, adults onsite are unlikely to be at risk or subject to acute hazard.

VI.4 Derivation of the Inhalation Doses for Characterizing Carcinogenic Risk and
Noncancer Hazard

The inhalation dose that results for the MEI at an exposure point of interest is a
consequence of chronic exposure to the predicted concentration and a function of the
anatomical and behavioral properties of the MEI, particularly age, weight, breathing
rate, and frequency and duration of exposure.  The fundamental equations used to
compute the inhalation doses for characterizing carcinogenic risk and noncarcinogenic
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hazard for a MEI, and the default values for many of the anatomical and behavioral
parameters used in these equations generally are taken from the Preliminary
Endangerment Assessment (PEA) Guidance Manual (CAL/EPA/DTSC, 1994).

Using Equation VI-1, we computed the inhalation dose for characterizing carcinogenic
risk for an adult worker exposed chronically to an annual-average concentration of a
chemical of concern, either offsite at the UNCLE Credit Union (MEIawoff) or onsite
within 33 feet (10 meters) of the Area 514 or Area 612 source term.

  
D C

I
BW

EF ED
ATr a i p

a

a

tsw a

r
, ,= × × ×

 , (VI-1)

where
Dr,a = dose for characterizing the carcinogenic risk (r) for an adult (a) MEI

working either offsite or onsite [mg/(kg•d)];

Ci,p = concentration of the chemical of concern (i) at the exposure point (p) of
interest expressed in units of milligrams per cubic meter (e.g., UNCLE
Credit Union or 33 feet [10 meters]) from the source at either Area 514 or
Area 612.  This concentration is derived as the product of the source-
specific annual emission rate for the chemical of concern and the
corresponding location-specific value predicted for χ/Q;

Ia = conservative estimate of the inhalation rate for an adult worker (20 cubic
meters per day (m3/d);

BWa = body weight assumed for an adult worker (70 kilograms);

EFtsw = exposure frequency corresponding to the time spent at work (tsw)
annually (2 × 103 h/y, which equates to the product of 250 work days per
year and 8 work hours per day);

EDa = exposure duration equating to an entire occupational lifetime (assumed to
be 25 years); and

ATr = averaging time for computing carcinogenic risk (r) for an adult worker
equates to a 70-year expected lifetime or 6.132 × 105 h per lifetime (365 d/y
× 70 y × 24 h/d).

We computed the inhalation dose for characterizing the noncarcinogenic hazard for
these adult workers using Equation VI-2, which is similar to Equation VI-1 except that
the averaging time (AT) equates to the duration of exposure and not to the expected
lifetime.  For example,
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where
Dh,a = dose for characterizing the noncancer hazard (h) for an adult (a) MEI

working either offsite or onsite [mg/(kg•d)];

Ci,p = concentration of the chemical of concern (i) at the exposure point (p) of
interest expressed in units of milligrams per cubic meters (e.g., UNCLE
Credit Union or 33 feet [10 meters]) from the source at either Area 514 or
Area 612).  This concentration is derived as the product of the source-
specific annual emission rate for the chemical of concern and the
corresponding location-specific value predicted for χ/Q;

Ia = conservative estimate of the inhalation rate for an adult worker (20 m3/d);

BWa = body weight assumed for an adult worker (70 kilograms);

EFtsw = exposure frequency corresponding to the time spent at work (tsw)
annually (2 × 103 h/y, which equates to the product of 250 work days per
year and 8 work hours per day);

EDa = exposure duration equating to an entire occupational lifetime for  an adult
(assumed to be 25 years); and

ATh,a = averaging time for computing noncancer hazard (h) for an adult worker
equates to the exposure duration of 25 years or 2.190 × 105 h (365 d/y ×
25 y × 24 h/d).

We also calculated the inhalation doses used to characterize the cancer risk and
noncancer hazard for the MEI of a child (i.e., Dr,c and Dh,c) at the location of the
hypothetical child day care center, using Equation VI-1 and Equation VI-2, but with
the following substitutions.  In both Equation VI-1 and Equation VI-2, Ci,p is
substituted by concentrations at either the near or far boundary to the neighborhood of
the hypothetical child day care center; Ia is substituted by the inhalation rate for a
youngster (Ic) of 10 cubic meters per day; BWa is substituted by the body weight for a
youth (BWc) of 15 kilograms; and EDa is substituted by the  6-year exposure duration
for the child (EDc).  In Equation VI-2, the averaging time for the child MEI (ATh,c) is
based on 6 years (5.256 × 104 h) of exposure, not the averaging time for an adult worker
(ATh,a) of 25 years (2.190 × 105 h).  Although the child is considered to be at the day care
center from birth until admission to public school at the age of 6 years, in practice the
time spent at day care during the 6-year period prior to school enrollment is going to be
the 2,000 hours per year the parents spend at work.  For this reason, the values for the
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remaining parameters in Equation VI-1 (i.e., EFtsw and ATr) and Equation VI-2 (i.e.,
EFtsw) are the same for the child and for the adult worker.

We used Equation VI-3 to derive the inhalation dose, in units of mg/kg-d, for
characterizing the carcinogenic risk for the MEI at the exposure point (p) equating to
either Residence A, B, or C, which are all situated across from LLNL along Greenville
road (Dr,res).  Similarly, we used Equation VI-4 to calculate the inhalation dose, also in
units of mg/kg-d, for characterizing the noncancer hazard for the MEI at each of these
residential locations (Dh,res).
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The PEA  Guidance Manual (CAL/EPA/DTSC, 1994) indicates the period of exposure for
the MEI at a residence should be 30 years from birth.  For purposes of these calculations,
we considered the first 6 years of life “childhood” (c) and the remaining 24 years
“adulthood” (a).  Accordingly, Ic again equals 10 cubic meters per day; Ia again equals
20 cubic meters per day; BWc again equals 15 kilograms; BWa again equals 70
kilograms; and EDc again equals 6 years.  The EDa term in Equation VI-3 and
Equation VI-4 is 24 years, which corresponds to the adult category of exposure at the
residence during the 30-year total exposure period.  In Equation VI-3 and Equation VI-
4, the Ci,p terms both correspond to the predicted concentration of the chemical of
concern (i) at the exposure point (p) of interest (i.e., either Residence A, B, or C).  The
exposure frequency at the residence (EFres) for both the child and the adult periods of
exposure equals 350 days per year, and accounts for an annual-average vacation of 15
days spent away from the residence.  Also, the averaging time that is used in
Equation VI-3 for deriving an inhalation dose for characterizing carcinogenic risk for a
residential MEI (ATr) is the same for both the child and adult periods of exposure and
equals an expected lifetime of 25,550 days (70 y × 365 d/y).  Finally, the averaging times
used in Equation VI-4 for deriving an inhalation dose for characterizing noncancer
hazard for a residential MEI were 2,190 days for exposure during the 6 years of
childhood (ATh,c) and 8,760 days for the remaining 24 years of exposure as an adult
(ATh,a).

The procedures just described for converting a chemical-specific concentration at an
exposure point into an inhalation dose for the MEI at that location (in order to
characterize either the potential carcinogenic risk or noncancer hazard for that
individual) can be reduced to the simple mathematical expressions appearing in
Equations VI-5 through VI-10.  The terms to the right of the equal sign in each equation
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are the annual-average concentration from the source for chemical (i) at exposure point
(p) (Ci,p; mg/m3), and the numerical value for the pathway exposure factor
(PEF; m3/kg-d) that converts the inhaled concentration at the exposure point to a dose
for that specific MEI.

Dr,a = Ci,p × (2.33 × 10–2), (VI-5)

Dh,a = Ci,p × (6.52 × 10–2), (VI-6)

Dr,c = Ci,p × (1.30 × 10–2), (VI-7)

Dh,c = Ci,p × (1.52 × 10–1), (VI-8)

Dr,res = Ci,p × (1.49 × 10–1), and (VI-9)

Dh,res = Ci,p × (9.13 × 10–1), (VI-10)

where:
Dr,a and Dh,a = used specifically for deriving inhalation exposure

dose rates (IEDs), for risk (r) or hazard (h), from
chemical (i) emitted by source (s) applicable to the
adult MEIp either working offsite (MEIawoff) at the
UNCLE Credit Union exposure point, or working
onsite at either the Area 514 exposure point
(MEIaos514) or the Area 612 exposure point
(MEIaos612);

Dr,c and Dh,c = used specifically for deriving inhalation exposure
dose rates (IEDs), for risk (r) or hazard (h), from
chemical (i) emitted by source (s) applicable to the
child MEIp at a hypothetical day care center (cdc)
exposure point in the neighborhood west of the main
entrance to LLNL defined by a near boundary
(MEIcdcNB) and a far boundary (MEIcdcFB); and

Dr,res and Dh,res = used specifically for deriving inhalation exposure
dose rates (IEDs), for risk (r) or hazard (h), from
chemical (i) emitted by source (s) applicable to the
MEIp present for 30 years from birth at Residence A,
B, or C (MEIresA, MEIresB, and MEIresC) across from
LLNL along Greenville Road.

The products of the annual-average atmospheric concentrations predicted for the
MEIps—represented by the adult worker offsite (awoff) at the UNCLE Credit Union or
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onsite (aos) 33 feet (10 meters)  from Area 514 and Area 612; or an individual inhabiting
Residence A, B, or C for 30 years from  birth—and the applicable corresponding PEF
obtained from using Equations VI-5 to VI-10 are the respective inhalation exposure
dose rates for determining risk (r) or hazard (h) associated with chemical (i) emitted
from source (s) and applicable to the MEI at the exposure point (p) of interest.  These
terms are expressed either as IEDr,i,s,p and IEDh,i,s,p (in mg/kg-d) or as IEDr,i,s and
IEDh,i,s (in mg/kg-d), corresponding to a MEIp, and are summarized in Table VI-2.
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VI.6 Acronyms

aos Adult worker onsite

AT Averaging time

awoff Adult worker offsite

BW Body weight

C Concentration

CAL/EPA California Environmental Protection Agency

CAPCOA California Air Pollution Control Officers Association

cdc Child day care  center

D Dose

DOE U.S. Department of Energy

DTSC Department of Toxic Substances Control

ED Exposure duration

EF Exposure frequency

FB Far Boundary

HWM Hazardous Waste Management

I Inhalation rate

IED Inhalation exposure dose

LLNL Lawrence Livermore National Laboratory

MEI Maximally Exposed Individual

NB Near Boundary

OEHHA Office of Environmental Health Hazard Assessment
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PEA Preliminary Endangerment Assessment

PEF Pathway exposure factor

REL Reference exposure level

resA Residence A

resB Residence B

resC Residence C

tsw time spent at work
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Table VI-1.  Hazard ratios for evaluating the potential for acute noncancer health effects for the Maximally Exposed Individuals (MEIps) at the locations of concern (p) for those chemicals of concern emitted from
operations at Area 514 and Area 612 and identified by the state of California as important to the Air Toxics Hot Spots Program.

   MEIawoff        MEIresA        MEIresB        MEIresC        MEIcdcNB        MEIcdcFB    

Chemical name

1-h acute
REL

(µg/m3)a

Maximum 1-h
emission rate

(g/h)

1-h maximum
concentration

(µg/m3)
Hazard ratio

(1-h conc./ REL)

1-h maximum
concentration

(µg/m3)
Hazard ratio

(1-h conc./REL)

1-h maximum
concentration

(µg/m3)
Hazard ratio

(1-h conc./REL)

1-h maximum
concentration

(µg/m3)
Hazard ratio

(1-h conc./REL)

1-h maximum
concentration

(µg/m3)
Hazard ratio

(1-h conc./REL)

1-h maximum
concentration

(µg/m3)
Hazard ratio

(1-h conc./REL)

From Area 514

Acetone 1.70E+05 6.06E-02 3.08E-02 1.81E-07 2.59E-02 1.52E-07 4.29E-02 2.53E-07 4.43E-02 2.61E-07 4.47E-03 2.63E-08 3.27E-03 1.93E-08
Benzene 7.80E+02 8.75E-02 4.45E-02 5.71E-05 3.73E-02 4.78E-05 6.20E-02 7.94E-05 6.40E-02 8.20E-05 6.45E-03 8.27E-06 4.72E-03 6.06E-06
Carbon tetrachloride 1.90E+02 1.06E-03 5.38E-04 2.83E-06 4.51E-04 2.38E-06 7.49E-04 3.94E-06 7.74E-04 4.07E-06 7.80E-05 4.10E-07 5.71E-05 3.01E-07
Chloroform 3.60E+02 1.06E+00 5.41E-01 1.50E-03 4.54E-01 1.26E-03 7.53E-01 2.09E-03 7.78E-01 2.16E-03 7.84E-02 2.18E-04 5.74E-02 1.60E-04
Mercury (inorganic) 1.80E+00 6.98E-01 3.55E-01 1.97E-01 2.98E-01 1.65E-01 4.94E-01 2.75E-01 5.10E-01 2.84E-01 5.14E-02 2.86E-02 3.77E-02 2.09E-02
Methanol 2.80E+03 3.10E-01 1.58E-01 5.63E-05 1.32E-01 4.72E-05 2.19E-01 7.84E-05 2.27E-01 8.09E-05 2.28E-02 8.16E-06 1.67E-02 5.97E-06
Methyl bromide 3.90E+03 9.25E-05 4.71E-05 1.21E-08 3.95E-05 1.01E-08 6.55E-05 1.68E-08 6.77E-05 1.73E-08 6.82E-06 1.75E-09 5.00E-06 1.28E-09
Methylene chloride 3.50E+03 6.15E-01 3.13E-01 8.93E-05 2.62E-01 7.49E-05 4.35E-01 1.24E-04 4.50E-01 1.28E-04 4.53E-02 1.29E-05 3.32E-02 9.48E-06
Methyl ethyl ketone 1.50E+02 1.15E+00 5.86E-01 3.91E-03 4.91E-01 3.27E-03 8.16E-01 5.44E-03 8.42E-01 5.61E-03 8.49E-02 5.66E-04 6.22E-02 4.15E-04
Styrene 2.20E+04 2.54E-05 1.29E-05 5.87E-10 1.08E-05 4.93E-10 1.80E-05 8.18E-10 1.86E-05 8.45E-10 1.87E-06 8.51E-11 1.37E-06 6.24E-11
Tetrachloroethylene (PCE) 6.80E+03 3.90E+02 1.98E+02 2.91E-02 1.66E+02 2.44E-02 2.76E+02 4.06E-02 2.85E+02 4.19E-02 2.87E+01 4.22E-03 2.10E+01 3.09E-03
Toluene 3.70E+04 1.09E-02 5.56E-03 1.50E-07 4.66E-03 1.26E-07 7.74E-03 2.09E-07 7.99E-03 2.16E-07 8.06E-04 2.18E-08 5.90E-04 1.60E-08
Trichloroethane (1,1,1) 6.80E+04 8.78E+00 4.46E+00 6.56E-05 3.74E+00 5.50E-05 6.21E+00 9.14E-05 6.42E+00 9.44E-05 6.47E-01 9.51E-06 4.74E-01 6.97E-06
Vinyl chloride 2.10E+05 4.90E-02 2.49E-02 1.19E-07 2.09E-02 9.95E-08 3.47E-02 1.65E-07 3.58E-02 1.71E-07 3.61E-03 1.72E-08 2.65E-03 1.26E-08
Xylenes 2.20E+03 8.28E-02 4.21E-02 1.91E-05 3.53E-02 1.61E-05 5.86E-02 2.67E-05 6.05E-02 2.75E-05 6.10E-03 2.77E-06 4.47E-03 2.03E-06

From Area 612

Acetone 1.70E+05 5.70E+00 4.54E+00 2.67E-05 3.72E+00 2.19E-05 5.21E+00 3.06E-05 5.82E+00 3.42E-05 3.88E-01 2.28E-06 2.99E-01 1.76E-06
Benzene 7.80E+02 7.90E-02 6.29E-02 8.06E-05 5.15E-02 6.60E-05 7.22E-02 9.25E-05 8.06E-02 1.03E-04 5.38E-03 6.90E-06 4.14E-03 5.31E-06
Chloroform 3.60E+02 1.80E+01 1.43E+01 3.98E-02 1.17E+01 3.26E-02 1.64E+01 4.57E-02 1.84E+01 5.10E-02 1.23E+00 3.40E-03 9.44E-01 2.62E-03
Diesel
     Benzene (70 mg/kg) 7.80E+02 3.20E-02 2.55E-02 3.27E-05 2.09E-02 2.67E-05 2.92E-02 3.75E-05 3.27E-02 4.19E-05 2.18E-03 2.79E-06 1.68E-03 2.15E-06
     Toluene (80 mg/kg) 3.70E+04 1.10E-01 8.76E-02 2.37E-06 7.17E-02 1.94E-06 1.01E-01 2.72E-06 1.12E-01 3.03E-06 7.49E-03 2.02E-07 5.77E-03 1.56E-07
     Xylenes (730 mg/kg) 2.20E+03 5.20E-02 4.14E-02 1.88E-05 3.39E-02 1.54E-05 4.75E-02 2.16E-05 5.31E-02 2.41E-05 3.54E-03 1.61E-06 2.73E-03 1.24E-06
Mercury (inorganic) 1.80E+00 5.20E-09 4.14E-09 2.30E-09 3.39E-09 1.88E-09 4.75E-09 2.64E-09 5.31E-09 2.95E-09 3.54E-10 1.97E-10 2.73E-10 1.52E-10
Methanol 2.80E+03 2.10E+00 1.67E+00 5.97E-04 1.37E+00 4.89E-04 1.92E+00 6.85E-04 2.14E+00 7.66E-04 1.43E-01 5.11E-05 1.10E-01 3.93E-05
Methylene chloride 3.50E+03 3.10E+01 2.47E+01 7.05E-03 2.02E+01 5.77E-03 2.83E+01 8.09E-03 3.16E+01 9.04E-03 2.11E+00 6.03E-04 1.63E+00 4.65E-04
Methyl ethyl ketone 1.50E+02 1.70E-02 1.35E-02 9.02E-05 1.11E-02 7.39E-05 1.55E-02 1.04E-04 1.74E-02 1.16E-04 1.16E-03 7.72E-06 8.92E-04 5.95E-06
Machining Oils [less than12 carbons]
     Benzene (2 mg/kg) 7.80E+02 8.80E-05 7.01E-05 8.98E-08 5.74E-05 7.35E-08 8.04E-05 1.03E-07 8.98E-05 1.15E-07 5.99E-06 7.68E-09 4.62E-06 5.92E-09
     Xylenes (10 mg/kg) 2.20E+03 6.90E-05 5.49E-05 2.50E-08 4.50E-05 2.04E-08 6.30E-05 2.87E-08 7.04E-05 3.20E-08 4.70E-06 2.14E-09 3.62E-06 1.65E-09
Tetrachloroethylene (PCE) 6.80E+03 3.60E-03 2.87E-03 4.22E-07 2.35E-03 3.45E-07 3.29E-03 4.84E-07 3.67E-03 5.40E-07 2.45E-04 3.60E-08 1.89E-04 2.78E-08
Toluene 3.70E+04 1.00E-03 7.96E-04 2.15E-08 6.52E-04 1.76E-08 9.14E-04 2.47E-08 1.02E-03 2.76E-08 6.81E-05 1.84E-09 5.25E-05 1.42E-09
Trichloroethane (1,1,1) 6.80E+04 9.90E+00 7.88E+00 1.16E-04 6.45E+00 9.49E-05 9.05E+00 1.33E-04 1.01E+01 1.49E-04 6.74E-01 9.91E-06 5.19E-01 7.64E-06
VHS (as vinyl chloride/carbon tetrachloride) 2.10E+05 4.70E+01 3.74E+01 1.78E-04 3.06E+01 1.46E-04 4.29E+01 2.04E-04 4.80E+01 2.28E-04 3.20E+00 1.52E-05 2.47E+00 1.17E-05
Vinyl chloride 2.10E+05 6.90E-02 5.49E-02 2.62E-07 4.50E-02 2.14E-07 6.30E-02 3.00E-07 7.04E-02 3.35E-07 4.70E-03 2.24E-08 3.62E-03 1.72E-08
Xylenes 2.20E+03 7.70E-01 6.13E-01 2.79E-04 5.02E-01 2.28E-04 7.04E-01 3.20E-04 7.86E-01 3.57E-04 5.24E-02 2.38E-05 4.04E-02 1.84E-05

a From CAL/EPA/DTSC (1994) or CAPCOA (1993).
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Table VI-2.  Estimated inhalation-exposure dose rates for determining risk (r) or hazard (h) associated with chemical (i) of concern emitted from source (s) (i.e., operations at Area 514 or Area 612) and applicable to the Maximally Exposed
Individual (MEI) at an exposure point (p) of interest (IEDr,i,s and IEDh,i,s, mg/kg-d, corresponding to a MEIp).  Derived values are based on conservative estimates of annual-average concentrations for the chemicals of concern at the exposure
points of interest.

    MEIrMEIawoff       MEIresA       MEIresB       MEIresC        MEIcdcNB        MEIcdcFB        MEIaos514        MEIaos612    

Annual-

average

emission

rate

Annual-

average

concen-

tration IEDr,i,s IEDh,i,s

Annual-

average

concen-

tration IEDr,i,s IEDh,i,s

Annual-

average

concen-

tration IEDr,i,s IEDh,i,s

Annual-

average

concen-

tration IEDr,i,s IEDh,i,s

Annual-

average

concen-

tration IEDr,i,s IEDh,i,s

Annual-

average

concen-

tration IEDr,i,s IEDh,i,s

Annual-

average

concen-

ration IEDr,i,s IEDh,i,s

Annual-

average

concen-

tration IEDr,i,s IEDh,i,s

Chemical name at capacity (g/s) (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d

From Area 514

Acetone 4.68E-05 7.87E-07 1.83E-08 5.14E-08 5.66E-07 8.42E-08 5.17E-07 2.54E-07 3.78E-08 2.32E-07 2.93E-07 4.36E-08 2.68E-07 6.63E-08 8.65E-10 1.01E-08 4.24E-08 5.53E-10 6.45E-09 3.59E-04 8.38E-06 2.35E-05 7.62E-06 1.78E-07 4.97E-07

Benzene 4.60E-07 7.74E-09 1.80E-10 5.05E-10 5.57E-09 8.28E-10 5.09E-09 2.50E-09 3.72E-10 2.28E-09 2.88E-09 4.29E-10 2.63E-09 6.52E-10 8.50E-12 9.92E-11 4.16E-10 5.43E-12 6.34E-11 3.53E-06 8.23E-08 2.31E-07 7.49E-08 1.75E-09 4.89E-09

Carbon tetrachloride 2.46E-08 4.14E-10 9.64E-12 2.70E-11 2.98E-10 4.43E-11 2.72E-10 1.34E-10 1.99E-11 1.22E-10 1.54E-10 2.29E-11 1.41E-10 3.48E-11 4.54E-13 5.30E-12 2.23E-11 2.90E-13 3.39E-12 1.89E-07 4.40E-09 1.23E-08 4.01E-09 9.33E-11 2.61E-10

Chloroethane 4.20E-11 7.07E-13 1.65E-14 4.61E-14 5.09E-13 7.57E-14 4.65E-13 2.29E-13 3.40E-14 2.09E-13 2.63E-13 3.92E-14 2.40E-13 5.95E-14 7.77E-16 9.06E-15 3.80E-14 4.96E-16 5.79E-15 3.23E-10 7.52E-12 2.11E-11 6.85E-12 1.60E-13 4.47E-13

Chloroform 5.95E-05 1.00E-06 2.33E-08 6.53E-08 7.20E-07 1.07E-07 6.58E-07 3.23E-07 4.81E-08 2.95E-07 3.73E-07 5.54E-08 3.40E-07 8.42E-08 1.10E-09 1.28E-08 5.38E-08 7.02E-10 8.20E-09 4.57E-04 1.06E-05 2.98E-05 9.69E-06 2.26E-07 6.32E-07

Dichlorobenzene (1,4) 1.43E-07 2.40E-09 5.60E-11 1.57E-10 1.73E-09 2.57E-10 1.58E-09 7.76E-10 1.15E-10 7.09E-10 8.94E-10 1.33E-10 8.17E-10 2.02E-10 2.64E-12 3.08E-11 1.29E-10 1.69E-12 1.97E-11 1.10E-06 2.56E-08 7.15E-08 2.33E-08 5.42E-10 1.52E-09

Dichloroethane (1,1) 1.74E-06 2.94E-08 6.84E-10 1.91E-09 2.11E-08 3.14E-09 1.93E-08 9.49E-09 1.41E-09 8.66E-09 1.09E-08 1.63E-09 9.98E-09 2.47E-09 3.22E-11 3.76E-10 1.58E-09 2.06E-11 2.40E-10 1.34E-05 3.12E-07 8.74E-07 2.84E-07 6.62E-09 1.85E-08

Dichloroethane (1,2) 1.27E-07 2.13E-09 4.97E-11 1.39E-10 1.54E-09 2.28E-10 1.40E-09 6.90E-10 1.03E-10 6.30E-10 7.95E-10 1.18E-10 7.26E-10 1.80E-10 2.34E-12 2.74E-11 1.15E-10 1.50E-12 1.75E-11 9.75E-07 2.27E-08 6.36E-08 2.07E-08 4.82E-10 1.35E-09

Dichloroethylene (1,1) 2.62E-06 4.40E-08 1.03E-09 2.87E-09 3.17E-08 4.71E-09 2.89E-08 1.42E-08 2.12E-09 1.30E-08 1.64E-08 2.44E-09 1.50E-08 3.71E-09 4.84E-11 5.64E-10 2.37E-09 3.09E-11 3.61E-10 2.01E-05 4.68E-07 1.31E-06 4.26E-07 9.93E-09 2.78E-08

Ethylbenzene 5.87E-06 9.87E-08 2.30E-09 6.44E-09 7.10E-08 1.06E-08 6.49E-08 3.19E-08 4.75E-09 2.91E-08 3.68E-08 5.47E-09 3.36E-08 8.31E-09 1.08E-10 1.27E-09 5.31E-09 6.93E-11 8.09E-10 4.51E-05 1.05E-06 2.94E-06 9.56E-07 2.23E-08 6.24E-08

Ethylene oxide 8.72E-05 1.47E-06 3.42E-08 9.57E-08 1.06E-06 1.57E-07 9.64E-07 4.74E-07 7.05E-08 4.33E-07 5.47E-07 8.13E-08 4.99E-07 1.24E-07 1.61E-09 1.88E-08 7.90E-08 1.03E-09 1.20E-08 6.70E-04 1.56E-05 4.37E-05 1.42E-05 3.31E-07 9.27E-07

Freons (as

dichlorodifluoromethane)

5.63E-04 9.47E-06 2.21E-07 6.18E-07 6.82E-06 1.01E-06 6.23E-06 3.06E-06 4.55E-07 2.80E-06 3.53E-06 5.25E-07 3.22E-06 7.98E-07 1.04E-08 1.21E-07 5.10E-07 6.65E-09 7.76E-08 4.33E-03 1.01E-04 2.82E-04 9.17E-05 2.14E-06 5.98E-06

Kerosene (all assumed

Napthalene)

1.66E-06 2.80E-08 6.53E-10 1.83E-09 2.02E-08 3.00E-09 1.84E-08 9.06E-09 1.35E-09 8.27E-09 1.04E-08 1.55E-09 9.53E-09 2.36E-09 3.08E-11 3.59E-10 1.51E-09 1.97E-11 2.29E-10 1.28E-05 2.98E-07 8.35E-07 2.71E-07 6.32E-09 1.77E-08

Mercury (inorganic) 9.51E-06 1.60E-07 3.73E-09 1.04E-08 1.15E-07 1.71E-08 1.05E-07 5.17E-08 7.70E-09 4.73E-08 5.96E-08 8.87E-09 5.45E-08 1.35E-08 1.76E-10 2.05E-09 8.61E-09 1.12E-10 1.31E-09 7.31E-05 1.70E-06 4.77E-06 1.55E-06 3.61E-08 1.01E-07

Methanol 6.90E-03 1.16E-04 2.70E-06 7.57E-06 8.35E-05 1.24E-05 7.63E-05 3.75E-05 5.58E-06 3.43E-05 4.32E-05 6.43E-06 3.95E-05 9.77E-06 1.27E-07 1.49E-06 6.25E-06 8.15E-08 9.51E-07 5.30E-02 1.23E-03 3.46E-03 1.12E-03 2.62E-05 7.33E-05

Methyl bromide 3.09E-09 5.20E-11 1.21E-12 3.39E-12 3.74E-11 5.57E-12 3.42E-11 1.68E-11 2.50E-12 1.54E-11 1.94E-11 2.88E-12 1.77E-11 4.38E-12 5.72E-14 6.67E-13 2.80E-12 3.65E-14 4.26E-13 2.38E-08 5.54E-10 1.55E-09 5.04E-10 1.17E-11 3.29E-11

Methyl butyl ketone 8.72E-08 1.47E-09 3.42E-11 9.57E-11 1.06E-09 1.57E-10 9.64E-10 4.74E-10 7.05E-11 4.33E-10 5.47E-10 8.13E-11 4.99E-10 1.24E-10 1.61E-12 1.88E-11 7.90E-11 1.03E-12 1.20E-11 6.70E-07 1.56E-08 4.37E-08 1.42E-08 3.31E-10 9.27E-10

Methylene chloride 6.66E-05 1.12E-06 2.61E-08 7.31E-08 8.06E-07 1.20E-07 7.37E-07 3.62E-07 5.39E-08 3.31E-07 4.17E-07 6.21E-08 3.81E-07 9.44E-08 1.23E-09 1.44E-08 6.03E-08 7.87E-10 9.18E-09 5.12E-04 1.19E-05 3.34E-05 1.09E-05 2.53E-07 7.08E-07

Methyl ethyl ketone 6.42E-03 1.08E-04 2.52E-06 7.05E-06 7.78E-05 1.16E-05 7.10E-05 3.49E-05 5.19E-06 3.19E-05 4.02E-05 5.99E-06 3.68E-05 9.10E-06 1.19E-07 1.38E-06 5.81E-06 7.59E-08 8.85E-07 4.94E-02 1.15E-03 3.22E-03 1.05E-03 2.44E-05 6.83E-05

Methyl isobutyl ketone 4.20E-07 7.07E-09 1.65E-10 4.61E-10 5.09E-09 7.57E-10 4.65E-09 2.29E-09 3.40E-10 2.09E-09 2.63E-09 3.92E-10 2.40E-09 5.95E-10 7.77E-12 9.06E-11 3.80E-10 4.96E-12 5.79E-11 3.23E-06 7.52E-08 2.11E-07 6.85E-08 1.60E-09 4.47E-09

Machining Oils [less than 12

carbons]

     Benzene (2 mg/kg) 5.07E-07 8.54E-09 1.99E-10 5.57E-10 6.14E-09 9.14E-10 5.61E-09 2.76E-09 4.10E-10 2.52E-09 3.18E-09 4.73E-10 2.90E-09 7.19E-10 9.38E-12 1.09E-10 4.59E-10 5.99E-12 6.99E-11 3.90E-06 9.08E-08 2.54E-07 8.27E-08 1.93E-09 5.39E-09

     Ethylbenzene (2 mg/kg) 5.07E-07 8.54E-09 1.99E-10 5.57E-10 6.14E-09 9.14E-10 5.61E-09 2.76E-09 4.10E-10 2.52E-09 3.18E-09 4.73E-10 2.90E-09 7.19E-10 9.38E-12 1.09E-10 4.59E-10 5.99E-12 6.99E-11 3.90E-06 9.08E-08 2.54E-07 8.27E-08 1.93E-09 5.39E-09

     Napthalene (150 mg/kg) 3.81E-05 6.40E-07 1.49E-08 4.18E-08 4.61E-07 6.85E-08 4.21E-07 2.07E-07 3.08E-08 1.89E-07 2.38E-07 3.55E-08 2.18E-07 5.39E-08 7.03E-10 8.21E-09 3.45E-08 4.50E-10 5.24E-09 2.92E-04 6.81E-06 1.91E-05 6.20E-06 1.44E-07 4.05E-07

     Xylenes (10 mg/kg) 2.54E-06 4.27E-08 9.95E-10 2.79E-09 3.07E-08 4.57E-09 2.81E-08 1.38E-08 2.05E-09 1.26E-08 1.59E-08 2.36E-09 1.45E-08 3.59E-09 4.69E-11 5.47E-10 2.30E-09 3.00E-11 3.50E-10 1.95E-05 4.54E-07 1.27E-06 4.13E-07 9.63E-09 2.70E-08

Pyridine 3.49E-04 5.87E-06 1.37E-07 3.83E-07 4.22E-06 6.28E-07 3.86E-06 1.90E-06 2.82E-07 1.73E-06 2.19E-06 3.25E-07 2.00E-06 4.94E-07 6.45E-09 7.52E-08 3.16E-07 4.12E-09 4.81E-08 2.68E-03 6.25E-05 1.75E-04 5.69E-05 1.32E-06 3.71E-06

Styrene 2.77E-09 4.67E-11 1.09E-12 3.05E-12 3.36E-11 5.00E-12 3.07E-11 1.51E-11 2.24E-12 1.38E-11 1.74E-11 2.59E-12 1.59E-11 3.93E-12 5.13E-14 5.98E-13 2.51E-12 3.28E-14 3.82E-13 2.13E-08 4.97E-10 1.39E-09 4.52E-10 1.05E-11 2.95E-11

Tetrachloroethanes 5.31E-05 8.94E-07 2.08E-08 5.83E-08 6.43E-07 9.57E-08 5.87E-07 2.89E-07 4.30E-08 2.64E-07 3.33E-07 4.95E-08 3.04E-07 7.53E-08 9.82E-10 1.15E-08 4.81E-08 6.28E-10 7.32E-09 4.08E-04 9.51E-06 2.66E-05 8.66E-06 2.02E-07 5.65E-07

Tetrachloroethylene (PCE) 3.17E-03 5.34E-05 1.24E-06 3.48E-06 3.84E-05 5.71E-06 3.51E-05 1.72E-05 2.57E-06 1.58E-05 1.99E-05 2.96E-06 1.82E-05 4.49E-06 5.86E-08 6.84E-07 2.87E-06 3.75E-08 4.37E-07 2.44E-02 5.68E-04 1.59E-03 5.17E-04 1.20E-05 3.37E-05

Toluene 8.72E-07 1.47E-08 3.42E-10 9.57E-10 1.06E-08 1.57E-09 9.64E-09 4.74E-09 7.05E-10 4.33E-09 5.47E-09 8.13E-10 4.99E-09 1.24E-09 1.61E-11 1.88E-10 7.90E-10 1.03E-11 1.20E-10 6.70E-06 1.56E-07 4.37E-07 1.42E-07 3.31E-09 9.27E-09

Trichloroethane (1,1,1) 3.88E-04 6.54E-06 1.52E-07 4.26E-07 4.70E-06 7.00E-07 4.30E-06 2.11E-06 3.14E-07 1.93E-06 2.43E-06 3.62E-07 2.22E-06 5.50E-07 7.18E-09 8.38E-08 3.52E-07 4.59E-09 5.35E-08 2.99E-03 6.96E-05 1.95E-04 6.33E-05 1.47E-06 4.13E-06

Trichloroethane (1,1,2) 1.59E-07 2.67E-09 6.22E-11 1.74E-10 1.92E-09 2.86E-10 1.75E-09 8.62E-10 1.28E-10 7.88E-10 9.94E-10 1.48E-10 9.08E-10 2.25E-10 2.93E-12 3.42E-11 1.44E-10 1.87E-12 2.19E-11 1.22E-06 2.84E-08 7.95E-08 2.58E-08 6.02E-10 1.69E-09

Trichloroethylene 3.81E-04 6.40E-06 1.49E-07 4.18E-07 4.61E-06 6.85E-07 4.21E-06 2.07E-06 3.08E-07 1.89E-06 2.38E-06 3.55E-07 2.18E-06 5.39E-07 7.03E-09 8.21E-08 3.45E-07 4.50E-09 5.24E-08 2.92E-03 6.81E-05 1.91E-04 6.20E-05 1.44E-06 4.05E-06

Vinyl chloride 9.51E-08 1.60E-09 3.73E-11 1.04E-10 1.15E-09 1.71E-10 1.05E-09 5.17E-10 7.70E-11 4.73E-10 5.96E-10 8.87E-11 5.45E-10 1.35E-10 1.76E-12 2.05E-11 8.61E-11 1.12E-12 1.31E-11 7.31E-07 1.70E-08 4.77E-08 1.55E-08 3.61E-10 1.01E-09

Xylenes 8.72E-06 1.47E-07 3.42E-09 9.57E-09 1.06E-07 1.57E-08 9.64E-08 4.74E-08 7.05E-09 4.33E-08 5.47E-08 8.13E-09 4.99E-08 1.24E-08 1.61E-10 1.88E-09 7.90E-09 1.03E-10 1.20E-09 6.70E-05 1.56E-06 4.37E-06 1.42E-06 3.31E-08 9.27E-08

From Area 612

Acetone 1.08E-06 2.79E-08 6.50E-10 1.82E-09 2.27E-08 3.37E-09 2.07E-08 6.38E-09 9.49E-10 5.83E-09 7.08E-09 1.05E-09 6.47E-09 1.50E-09 1.96E-11 2.29E-10 9.89E-10 1.29E-11 1.50E-10 1.45E-07 3.37E-09 9.44E-09 8.29E-06 1.93E-07 5.41E-07

Acetonitrile 3.30E-08 8.53E-10 1.99E-11 5.56E-11 6.94E-10 1.03E-10 6.33E-10 1.95E-10 2.90E-11 1.78E-10 2.17E-10 3.22E-11 1.98E-10 4.60E-11 6.00E-13 7.00E-12 3.02E-11 3.95E-13 4.60E-12 4.42E-09 1.03E-10 2.89E-10 2.53E-07 5.91E-09 1.65E-08

Benzene 1.20E-08 3.12E-10 7.26E-12 2.03E-11 2.53E-10 3.77E-11 2.31E-10 7.13E-11 1.06E-11 6.51E-11 7.91E-11 1.18E-11 7.23E-11 1.68E-11 2.19E-13 2.56E-12 1.10E-11 1.44E-13 1.68E-12 1.62E-09 3.77E-11 1.05E-10 9.26E-08 2.16E-09 6.04E-09

Chloroform 1.14E-06 2.95E-08 6.88E-10 1.93E-09 2.40E-08 3.57E-09 2.19E-08 6.76E-09 1.00E-09 6.17E-09 7.50E-09 1.11E-09 6.85E-09 1.59E-09 2.08E-11 2.42E-10 1.05E-09 1.37E-11 1.59E-10 1.53E-07 3.57E-09 9.99E-09 8.77E-06 2.04E-07 5.72E-07

Dichloro(1,3)-tetraisopropyl

(1,1,3,3)-disiloxane(1,3)

1.84E-14 4.76E-16 1.11E-17 3.10E-17 3.87E-16 5.75E-17 3.53E-16 1.09E-16 1.62E-17 9.94E-17 1.21E-16 1.80E-17 1.10E-16 2.57E-17 3.35E-19 3.91E-18 1.69E-17 2.20E-19 2.57E-18 2.47E-15 5.75E-17 1.61E-16 1.41E-13 3.29E-15 9.22E-15

Diesel

     Benzene (70 mg/kg) 2.03E-09 5.25E-11 1.22E-12 3.42E-12 4.27E-11 6.35E-12 3.90E-11 1.20E-11 1.79E-12 1.10E-11 1.33E-11 1.98E-12 1.22E-11 2.83E-12 3.69E-14 4.31E-13 1.86E-12 2.43E-14 2.83E-13 2.72E-10 6.34E-12 1.78E-11 1.56E-08 3.63E-10 1.02E-09

     Toluene (80 mg/kg) 6.98E-09 1.80E-10 4.20E-12 1.18E-11 1.47E-10 2.18E-11 1.34E-10 4.13E-11 6.14E-12 3.77E-11 4.58E-11 6.81E-12 4.18E-11 9.73E-12 1.27E-13 1.48E-12 6.40E-12 8.35E-14 9.74E-13 9.36E-10 2.18E-11 6.11E-11 5.36E-08 1.25E-09 3.50E-09

     Xylenes (730 mg/kg) 3.30E-09 8.53E-11 1.99E-12 5.56E-12 6.94E-11 1.03E-11 6.33E-11 1.95E-11 2.90E-12 1.78E-11 2.17E-11 3.22E-12 1.98E-11 4.60E-12 6.00E-14 7.00E-13 3.02E-12 3.95E-14 4.60E-13 4.42E-10 1.03E-11 2.89E-11 2.53E-08 5.91E-10 1.65E-09



Table VI-2.  Estimated inhalation-exposure dose rates for determining risk (r) or hazard (h) associated with chemical (i) of concern emitted from source (s) (i.e., operations at Area 514 or Area 612) and applicable to the Maximally Exposed
Individual (MEI) at an exposure point (p) of interest (IEDr,i,s and IEDh,i,s, mg/kg-d, corresponding to a MEIp).  Derived values are based on conservative estimates of annual-average concentrations for the chemicals of concern at the exposure
points of interest (Cont’d).

    MEIrMEIawoff       MEIresA       MEIresB       MEIresC        MEIcdcNB        MEIcdcFB        MEIaos514        MEIaos612    

Annual-

average
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rate

Annual-

average
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tration IEDr,i,s IEDh,i,s

Annual-

average

concen-

tration IEDr,i,s IEDh,i,s

Annual-

average

concen-

tration IEDr,i,s IEDh,i,s

Annual-

average

concen-
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average
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concen-
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average
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Chemical name at capacity (g/s) (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d (mg/m3) mg/kg-d mg/kg-d

Part B, Health Risk Assessment VI-12 November 1995

From Area 612 (Cont’d)

Diethylammonium acetate (as

Diethyl amine)

5.71E-09 1.48E-10 3.44E-12 9.63E-12 1.20E-10 1.79E-11 1.10E-10 3.38E-11 5.02E-12 3.09E-11 3.75E-11 5.57E-12 3.42E-11 7.96E-12 1.04E-13 1.21E-12 5.23E-12 6.83E-14 7.97E-13 7.66E-10 1.78E-11 5.00E-11 4.39E-08 1.02E-09 2.86E-09

Ethyl acetate 2.22E-09 5.74E-11 1.34E-12 3.74E-12 4.67E-11 6.94E-12 4.26E-11 1.31E-11 1.95E-12 1.20E-11 1.46E-11 2.17E-12 1.33E-11 3.10E-12 4.04E-14 4.71E-13 2.04E-12 2.66E-14 3.10E-13 2.98E-10 6.94E-12 1.94E-11 1.71E-08 3.97E-10 1.11E-09

Ethyl benzene 2.73E-12 7.05E-14 1.64E-15 4.60E-15 5.74E-14 8.53E-15 5.24E-14 1.61E-14 2.40E-15 1.47E-14 1.79E-14 2.66E-15 1.64E-14 3.81E-15 4.96E-17 5.79E-16 2.50E-15 3.26E-17 3.81E-16 3.66E-13 8.52E-15 2.39E-14 2.10E-11 4.88E-13 1.37E-12

Freons (as

dichlorodifluoromethane)

1.78E-07 4.59E-09 1.07E-10 3.00E-10 3.73E-09 5.55E-10 3.41E-09 1.05E-09 1.56E-10 9.60E-10 1.17E-09 1.73E-10 1.06E-09 2.48E-10 3.23E-12 3.77E-11 1.63E-10 2.12E-12 2.48E-11 2.38E-08 5.55E-10 1.55E-09 1.36E-06 3.18E-08 8.90E-08

Heptachlor 3.87E-15 1.00E-16 2.33E-18 6.53E-18 8.14E-17 1.21E-17 7.43E-17 2.29E-17 3.41E-18 2.09E-17 2.54E-17 3.78E-18 2.32E-17 5.40E-18 7.04E-20 8.22E-19 3.55E-18 4.63E-20 5.40E-19 5.19E-16 1.21E-17 3.39E-17 2.97E-14 6.93E-16 1.94E-15

Hexane 2.73E-07 7.05E-09 1.64E-10 4.60E-10 5.74E-09 8.53E-10 5.24E-09 1.61E-09 2.40E-10 1.47E-09 1.79E-09 2.66E-10 1.64E-09 3.81E-10 4.96E-12 5.79E-11 2.50E-10 3.26E-12 3.81E-11 3.66E-08 8.52E-10 2.39E-09 2.10E-06 4.88E-08 1.37E-07

Mercury (inorganic) 3.30E-16 8.53E-18 1.99E-19 5.56E-19 6.94E-18 1.03E-18 6.33E-18 1.95E-18 2.90E-19 1.78E-18 2.17E-18 3.22E-19 1.98E-18 4.60E-19 6.00E-21 7.00E-20 3.02E-19 3.95E-21 4.60E-20 4.42E-17 1.03E-18 2.89E-18 2.53E-15 5.91E-17 1.65E-16

Methanol 6.34E-07 1.64E-08 3.82E-10 1.07E-09 1.33E-08 1.98E-09 1.22E-08 3.75E-09 5.58E-10 3.43E-09 4.16E-09 6.19E-10 3.80E-09 8.85E-10 1.15E-11 1.35E-10 5.82E-10 7.59E-12 8.85E-11 8.51E-08 1.98E-09 5.55E-09 4.87E-06 1.14E-07 3.18E-07

Methylene chloride 2.35E-06 6.07E-08 1.41E-09 3.96E-09 4.94E-08 7.34E-09 4.51E-08 1.39E-08 2.07E-09 1.27E-08 1.54E-08 2.29E-09 1.41E-08 3.27E-09 4.27E-11 4.98E-10 2.15E-09 2.81E-11 3.28E-10 3.15E-07 7.33E-09 2.05E-08 1.80E-05 4.20E-07 1.18E-06

Methyl ethyl ketone 1.40E-09 3.61E-11 8.41E-13 2.35E-12 2.93E-11 4.36E-12 2.68E-11 8.26E-12 1.23E-12 7.54E-12 9.16E-12 1.36E-12 8.37E-12 1.95E-12 2.54E-14 2.96E-13 1.28E-12 1.67E-14 1.95E-13 1.87E-10 4.36E-12 1.22E-11 1.07E-08 2.50E-10 7.00E-10

Methyl isobutyl ketone 3.11E-09 8.04E-11 1.87E-12 5.24E-12 6.54E-11 9.72E-12 5.97E-11 1.84E-11 2.74E-12 1.68E-11 2.04E-11 3.03E-12 1.86E-11 4.34E-12 5.66E-14 6.60E-13 2.85E-12 3.72E-14 4.34E-13 4.17E-10 9.71E-12 2.72E-11 2.39E-08 5.56E-10 1.56E-09

Nitromethane 9.51E-09 2.46E-10 5.73E-12 1.60E-11 2.00E-10 2.98E-11 1.83E-10 5.63E-11 8.37E-12 5.14E-11 6.25E-11 9.29E-12 5.70E-11 1.33E-11 1.73E-13 2.02E-12 8.72E-12 1.14E-13 1.33E-12 1.28E-09 2.97E-11 8.33E-11 7.31E-08 1.70E-09 4.77E-09

Machining Oils [less than12

carbons]

     Benzene (2 mg/kg) 1.27E-11 3.28E-13 7.64E-15 2.14E-14 2.67E-13 3.97E-14 2.44E-13 7.51E-14 1.12E-14 6.86E-14 8.33E-14 1.24E-14 7.61E-14 1.77E-14 2.31E-16 2.69E-15 1.16E-14 1.52E-16 1.77E-15 1.70E-12 3.96E-14 1.11E-13 9.75E-11 2.27E-12 6.36E-12

     Ethylbenzene (2 mg/kg) 2.28E-12 5.90E-14 1.38E-15 3.85E-15 4.80E-14 7.14E-15 4.39E-14 1.35E-14 2.01E-15 1.23E-14 1.50E-14 2.23E-15 1.37E-14 3.19E-15 4.16E-17 4.85E-16 2.09E-15 2.73E-17 3.19E-16 3.06E-13 7.14E-15 2.00E-14 1.75E-11 4.09E-13 1.14E-12

     Napthalene (150 mg/kg) 1.65E-12 4.26E-14 9.93E-16 2.78E-15 3.47E-14 5.16E-15 3.17E-14 9.76E-15 1.45E-15 8.91E-15 1.08E-14 1.61E-15 9.89E-15 2.30E-15 3.00E-17 3.50E-16 1.51E-15 1.97E-17 2.30E-16 2.21E-13 5.15E-15 1.44E-14 1.27E-11 2.95E-13 8.27E-13

     Xylenes (10 mg/kg) 1.02E-11 2.64E-13 6.15E-15 1.72E-14 2.15E-13 3.19E-14 1.96E-13 6.04E-14 8.99E-15 5.52E-14 6.70E-14 9.97E-15 6.12E-14 1.42E-14 1.86E-16 2.17E-15 9.36E-15 1.22E-16 1.43E-15 1.37E-12 3.19E-14 8.94E-14 7.85E-11 1.83E-12 5.12E-12

Polychlorinated byphenyls

(PCBs)

8.24E-18 2.13E-19 4.97E-21 1.39E-20 1.73E-19 2.58E-20 1.58E-19 4.88E-20 7.26E-21 4.46E-20 5.41E-20 8.05E-21 4.94E-20 1.15E-20 1.50E-22 1.75E-21 7.56E-21 9.86E-23 1.15E-21 1.11E-18 2.58E-20 7.22E-20 6.34E-17 1.48E-18 4.13E-18

Tetrachloro(2,3,7,8) dibenzo-p-

dioxin (TCDD)

1.65E-27 4.26E-29 9.93E-31 2.78E-30 3.47E-29 5.16E-30 3.17E-29 9.76E-30 1.45E-30 8.91E-30 1.08E-29 1.61E-30 9.89E-30 2.30E-30 3.00E-32 3.50E-31 1.51E-30 1.97E-32 2.30E-31 2.21E-28 5.15E-30 1.44E-29 1.27E-26 2.95E-28 8.27E-28

Tetrachloroethylene (PCE) 2.28E-10 5.90E-12 1.38E-13 3.85E-13 4.80E-12 7.14E-13 4.39E-12 1.35E-12 2.01E-13 1.23E-12 1.50E-12 2.23E-13 1.37E-12 3.19E-13 4.16E-15 4.85E-14 2.09E-13 2.73E-15 3.19E-14 3.06E-11 7.14E-13 2.00E-12 1.75E-09 4.09E-11 1.14E-10

Tetrahydrofuran 1.59E-09 4.10E-11 9.55E-13 2.67E-12 3.33E-11 4.96E-12 3.05E-11 9.38E-12 1.40E-12 8.57E-12 1.04E-11 1.55E-12 9.51E-12 2.21E-12 2.89E-14 3.37E-13 1.45E-12 1.90E-14 2.21E-13 2.13E-10 4.96E-12 1.39E-11 1.22E-08 2.84E-10 7.95E-10

Toluene 4.50E-10 1.16E-11 2.71E-13 7.60E-13 9.47E-12 1.41E-12 8.65E-12 2.66E-12 3.96E-13 2.43E-12 2.96E-12 4.40E-13 2.70E-12 6.28E-13 8.20E-15 9.56E-14 4.13E-13 5.39E-15 6.28E-14 6.04E-11 1.41E-12 3.94E-12 3.46E-09 8.06E-11 2.26E-10

Trichloroethane (1,1,1) 6.28E-07 1.62E-08 3.78E-10 1.06E-09 1.32E-08 1.96E-09 1.21E-08 3.72E-09 5.53E-10 3.39E-09 4.12E-09 6.13E-10 3.77E-09 8.76E-10 1.14E-11 1.33E-10 5.76E-10 7.51E-12 8.76E-11 8.42E-08 1.96E-09 5.50E-09 4.83E-06 1.12E-07 3.15E-07

Trichloroethane (1,1,2) 1.08E-09 2.79E-11 6.50E-13 1.82E-12 2.27E-11 3.37E-12 2.07E-11 6.38E-12 9.49E-13 5.83E-12 7.08E-12 1.05E-12 6.47E-12 1.50E-12 1.96E-14 2.29E-13 9.89E-13 1.29E-14 1.50E-13 1.45E-10 3.37E-12 9.44E-12 8.29E-09 1.93E-10 5.41E-10

Trichloroethylene (TCE) 9.51E-07 2.46E-08 5.73E-10 1.60E-09 2.00E-08 2.98E-09 1.83E-08 5.63E-09 8.37E-10 5.14E-09 6.25E-09 9.29E-10 5.70E-09 1.33E-09 1.73E-11 2.02E-10 8.72E-10 1.14E-11 1.33E-10 1.28E-07 2.97E-09 8.33E-09 7.31E-06 1.70E-07 4.77E-07

VHS (as vinyl chloride/carbon

tetrachloride)

3.74E-06 9.68E-08 2.25E-09 6.31E-09 7.87E-08 1.17E-08 7.19E-08 2.21E-08 3.29E-09 2.02E-08 2.46E-08 3.65E-09 2.24E-08 5.22E-09 6.81E-11 7.95E-10 3.43E-09 4.48E-11 5.22E-10 5.02E-07 1.17E-08 3.27E-08 2.88E-05 6.70E-07 1.88E-06

Vinyl chloride 4.38E-09 1.13E-10 2.64E-12 7.38E-12 9.20E-11 1.37E-11 8.40E-11 2.59E-11 3.85E-12 2.37E-11 2.87E-11 4.27E-12 2.62E-11 6.11E-12 7.97E-14 9.29E-13 4.01E-12 5.24E-14 6.11E-13 5.87E-10 1.37E-11 3.83E-11 3.36E-08 7.84E-10 2.19E-09

Xylenes 4.88E-08 1.26E-09 2.94E-11 8.24E-11 1.03E-09 1.53E-10 9.38E-10 2.89E-10 4.30E-11 2.64E-10 3.21E-10 4.77E-11 2.93E-10 6.81E-11 8.89E-13 1.04E-11 4.48E-11 5.84E-13 6.82E-12 6.55E-09 1.53E-10 4.27E-10 3.75E-07 8.74E-09 2.45E-08
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VII.  Characterizing the Potential Carcinogenic Risk and
Noncarcinogenic Hazard for the Maximally Exposed

Individuals (MEIs)

VII.1 Introduction

The methods described in this Section were used for computing the potential chemical-
specific and total excess lifetime carcinogenic risks (Rs) and indices of noncancer
hazards (Hs) for each of the Maximally Exposed Individuals (MEIs) at an exposure
point of interest (p, where p designates the individual receptor [MEIawoff, MEIresA,
MEIresB, MEIresC, MEIcdcNB, MEIcdcFB, MEIaos514, or MEIaos612]); these methods are
comparable to the methods recommended for this purpose in the Preliminary
Endangerment Assessment (PEA) Guidance Manual (CAL/EPA, 1994).

VII.2 Calculation of Potential Excess Lifetime Cancer Risks

The total (t) potential excess lifetime cancer risk for an MEI at an exposure point of
interest (Rt,p) is the sum of each excess lifetime cancer risk computed for that individual
from each carcinogenic chemical of concern (i) emitted by each source-term (s,
corresponding to either operations at Area 514 or Area 612), as shown by the double
summation of the term Ri,s,p in Equation VII-1:

    
Rt ,p = Ri ,s ,p

i=1

n

∑
s=1

2

∑   , (VII-1)

where n is the total number of chemicals.  According to the EPA (1990), the 10−6 risk
level should be used as the point of departure in establishing an acceptable risk level
where appropriate or relevant and applicable requirements do not exist.  For known or
suspected carcinogens, acceptable exposure levels are generally concentration levels
that represent an excess upper-bound lifetime cancer risk to an individual of between
10−4 to 10−6.

Because inhalation was identified as the only exposure pathway of concern for each
MEIp of interest, the corresponding Ri,s,p is simply the product of the inhalation
exposure dose used to characterize carcinogenic risk (r) from carcinogenic chemical of
concern (i) emitted by source term (s), expressed by the term IEDr,i,s,p (in units of
mg/kg-d), and the carcinogenic potency for that chemical for the inhalation exposure
pathway.  The carcinogenic potency of a cancer-causing chemical is the probability of
incurring cancer per unit-dose rate at very low dose levels for a particular exposure-
pathway of concern.  The greater the magnitude of the cancer potency factor for a
specific chemical of concern (i) and, specifically, the inhalation pathway (e) of exposure
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(CPFi,e), the greater the theoretical probability or risk of developing cancer from the
dose associated with that chemical and particular pathway of exposure (in units of risk
per mg/kg-d).  The vast majority of these factors are extrapolations to humans from
dose and tumor-incidence data obtained in animal bioassays.  Calculation of each Ri,s,p
is accomplished using Equation VII-2:

Ri,s,p = IEDr,i,s,p × CPFi,e   . (VII-2)

Generally, the hierarchy that was followed for selecting the values for each CPFi,e used
in Equation VII-2 is the one described in the PEA Guidance Manual (CAL/EPA, 1994).
Specifically, our primary source of CPFi,e values were those published by the state of
California (CAL/EPA/OEHHA, 1994).  If a value for a CPFi,e was not published by the
state of California, but did appear in the Integrated Risk Information System (IRIS)
database of the EPA (1995a), then that value was selected.  If the IRIS database did not
contain a value for the CPFi,e of interest, then the Health Effects Assessment Summary
Tables (HEAST), which also are published by the EPA (1995b), were examined.  If a
value for the CPFi,e of interest was contained in the HEAST documentation, then that
value was used.  If a value for the CPFi,e of interest was not published in any of the
previous sources, the Preliminary Remediation Goals (PRGs) developed by Region IX of
the U.S. Environmental Protection Agency (EPA, Region IX, 1995) were reviewed for
such data.  If a value for the CPFi,e of interest was in the PRGs, then it was selected.  If
none of the publications just described contained a value for a CPFi,e, then no CPFi,e
was assigned to that specific chemical; and the chemical was then evaluated for its
noncancer hazard.  Chemicals for which there are published CPFs and no RfDs are
addressed only for carcinogenic risk.  In the case where there is neither a CPF nor an
RfD published for a chemical, then the chemical is addressed using a toxicological
surrogate.  That procedure is discussed later in this Section.  The CPFi,e values that were
selected for the carcinogenic chemicals of concern appear in Table VII-1, and the
publication from which each value was obtained is noted in that table.

VII.3 Calculation of Potential Noncancer Hazard

The total (t) index of the potential noncancer hazard for an MEI at an exposure point of
interest (Ht,p) is the sum of ratios of calculated doses to reference doses (RfDs)
computed for that individual for each chemical of concern (i) emitted by each source-
term (s, which equals Area 514 or Area 612), as shown by the double summation of the
term Hi,s,p in Equation VII-3:

    
Ht ,p = Hi ,s ,p

i=1

n

∑
s=1

2

∑
   . (VII-3)

When any one quotient or the sum of the quotients exceeds 1.0, it indicates the
possibility that the exposure may yield adverse noncarcinogenic health effects.
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Because inhalation was identified as the only exposure pathway of concern for each
MEIp of interest, a Hi,s,p simply is the quotient of the calculated inhalation exposure
dose that is expressed as the term IEDh,i,s,p (mg/kg-d), and the inhalation RfD for a
specific chemical of concern (i) emitted by a source term (s).  The RfD is expressed in
units of mg/kg-d, and it is considered to be the exposure level at or below which no
adverse noncancer health effects are expected.  Therefore, the RfD for a specific
chemical of concern (i) received from the inhalation pathway (e) of exposure (RfDi,e) is a
threshold value and is not an expression of the probability of an effect.  Again, a
majority of the RfDs are extrapolations to humans from dose-response data obtained in
animal bioassays.  The mathematical expression for calculating each Hi,s,p is presented
in Equation VII-4:

    
Hi ,s ,p =

IEDh ,i ,s ,p

RfDi ,e

  . (VII-4)

To select the inhalation route-specific RfD value for each chemical, the RfD data
presented in the IRIS database (EPA, 1995a), contained in the HEAST (EPA, 1995b), and
listed in the PRGs (EPA, Region IX, 1995) were reviewed.  The PRGs (EPA, Region IX,
1995) contained the majority of the RfD values selected.  If none of the publications just
described contained a value for a RfDi,e, then no RfDi,e was assigned to that specific
chemical.  Chemicals for which there are published RfD and no CPF are addressed only
for contribution to hazard.  As stated previously, when there is neither RfD or CPF data
available, the chemical is addressed using a toxicological surrogate.  That procedure is
discussed later in this Section.  The RfDi,e values that were selected for characterizing
the noncancer hazard of the chemicals of concern also appear in Table VII-1.  As in the
case of the CPFi,e values, the publication from which each RFDi,e value was obtained is
noted in the table.

VII.4 Toxicological Values for Compounds Identified in Chemical Mixtures

HWM Division’s waste treatment records for volatile chemicals (Section III) include
entries for several chemical mixtures.  To address possible adverse health effects
associated with these mixtures of chemicals, we selected or developed representative
toxicity values for the chemicals constituting the volatile fractions of these mixtures.

VII.4.1 Volatile Halogenated Substances (VHS)

Certain chemicals handled at Area 612 in 1992 and 1993 were identified in
HWM Division files as VHS, an acronym for volatile halogenated substances
(Grandfield, 1989).  The group of 29 chemicals included in this designation are those
analyzed for in EPA Method 601/8010 (Table VII-2).
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Table VII-1.  Quantitative toxicity values used to calculate incremental excess cancer
risk and noncancer hazard.

Chemical name

Inhalation Reference
Dose  (RfD)
(mg/kg-d)

Inhalation cancer
potency

(mg/kg-d)–1

Acute Reference
Exposure Level (REL)

(µg/m3)

1,1,1,2-Tetrachloroethane 3.00 × 10–2a
2.60 × 10–2a

NA

1,1,1-Trichloroethane 2.90 × 10–1a
NA 6.80 × 104c

1,1,2,2-Tetrachloroethane NA 2.70 × 10–1b
NA

1,1,2-Trichloroethane 4.00 × 10–3a
5.60 × 10–2b

NA

1,1-Dichloroethane 1.40 × 10–1a
5.70 × 10–3b

NA

1,1-Dichloroethylene 9.00 × 10–3a
1.80 × 10–1a

NA

1,2-Dichloroethane NA 7.00 × 10–2b
NA

1,3-Dichloro-1,1,3,3-
tetraisopropyl disiloxane

NA NA NA

1,4-Dichlorobenzene 2.30 × 10–1
a

4.00 × 10–2b
NA

Acetone 1.00 × 10–1a
NA 1.70 × 105c

Acetonitrile 1.40 × 10–2a
NA NA

Benzene NA 1.00 × 10–1b
7.80 × 102b

Carbon tetrachloride 5.70 × 10–4a
1.50 × 10–1b

1.90 × 102c

Chloroethane NA NA NA

Chloroform 1.00 × 10–2a
1.90 × 10–2b

3.60 × 102c

Diethyl amine NA NA NA

Ethyl acetate 9.00 × 10–1a
NA NA

Ethylbenzene 2.90 × 10–1a
NA NA

Ethylene oxide NA 3.10 × 10–1b
NA

Freons 5.70 × 10–2a
NA NA

Heptachlor 5.00 × 10–4a
5.70 × 100b

NA

Hexane 5.70 × 10–2a
NA NA

Mercury (inorganic) 8.60 × 10–5a
NA 1.80 × 100c

Methanol 5.00 × 10–1a
NA 2.80 × 103c

Methyl bromide 1.40 × 10–3a
NA 3.90 × 103c

Methyl butyl ketone NA NA NA

Methyl ethyl ketone 2.90 × 10–1a
NA 1.50 × 102c

Continued on next page.
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Table VII-1.  Quantitative toxicity values used to calculate incremental excess cancer
risk and noncancer hazard (Cont’d).

Chemical name

Inhalation Reference
Dose  (RfD)
(mg/kg-d)

Inhalation  cancer
potency

(mg/kg-d)–1

Acute Reference
Exposure Level (REL)

(µg/m3)

Methyl isobutyl ketone 2.30 × 10–2a
NA NA

Methylene chloride 8.60 × 10–1a
3.50 × 10–3b

3.50 × 103d

Naphthalene 4.00 × 10–2a
NA NA

Nitromethane NA NA NA

Polychlorinated biphenyls 2.00 × 10–5a
7.70 × 10

b
NA

Pyridine 1.00 × 10–3a
NA NA

Styrene 2.90 × 10–1a
NA 2.20 × 104c

Tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD)

NA 1.30 × 105b
NA

Tetrachloroethylene 1.00 × 10–2a
2.10 × 10–2b

6.80 × 103d

Tetrahydrofuran NA NA NA

Toluene 1.10 × 10–1a
NA 3.70 × 104c

Trichloroethylene 6.00 × 10–3a
1.00 × 10–2b

NA

Vinyl chloride NA 2.70 × 10–1b
2.10 × 105c

Xylenes 2.00 × 10–1 NA 2.20 × 103c

a   EPA, Region IX, 1995.

b  CAL/EPA/OEHHA, 1994a.

c  CAL/EPA/OEHHA, 1994b.

d  CAPCOA, 1993.

Note:  NA indicates the specific toxicity value was not available for one of the following reasons: (1) there
was no conclusion regarding quantification of the dose-response relationship, or (2) dose-response data
had not been developed, or (3) the dose-response data indicated an absence of effect.

To account for the potential toxicity associated with the treatment and release of
chemicals classified as VHS, we obtained cancer potency factors (CPFs) and/or RfDs
and acute Reference Exposure Levels (RELs) for each chemical listed in Table VII-2.
We selected the highest CPF (2.7 × 10-1 [mg/kg-d]-1), the lowest inhalation RfD
(5.7 × 10-4 mg/kg-d), and the lowest REL (2.7 × 10-1 µg/m3) from the set of available
values and used these parameters in our calculations of incremental excess lifetime
cancer risk and noncancer hazard associated with the treatment of VHS.  The CPF
pertains to both vinyl chloride and 1,1,2,2-tetrachloroethane (CAL/EPA, 1994a); the RfD
and REL are for carbon tetrachloride (EPA, Region IX, 1995) and vinyl chloride
(CAPCOA, 1993), respectively.  (Calculated emissions of VHS from Area 612 were
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based on physical property data for vinyl chloride, which reflects the greater volatility
and resulting higher emission rate of this chemical relative to 1,1,2,2-tetrachloroethane
and carbon tetrachloride.)

Table VII-2.  List of chemicals included in the designation “VHS”a.

Chemical name

Bromodichloromethane Chloromethane 1,1,2,2-Tetrachloroethane

Bromoform Dibromochloromethane Tetrachloroethylene

Bromomethane 1,2-Dichlorobenzene 1,1,1-Trichloroethane

1,2-Dichloroethane 1,3-Dichlorobenzene 1,1,2-Trichloroethane

1,1-Dichloroethylene 1,4-Dichlorobennzene Trichloroethylene

trans-1,2-Dichloroethylene Dichlorodifluoromethane Trichlorofluoromethane

Carbon tetrachloride 1,1-Dichloroethane Vinyl chloride

Chlorobenzenne 1,2-Dichloropropane

Chloroethane cis-1,3-Dichloropropene

2-Chloroethylvinyl ether trans-1,3-Dichloropropene

Chloroform Methylene chloride

aGrandfield, 1989.

VII.4.2 Petroleum Products

Diesel, kerosene, and oil are variable mixtures of petroleum hydrocarbons which appear
on HWM Division records from 1992 and 1993 (Section III).  Quantitative toxicity data
are not available for these mixtures.

VII.4.2.1 Diesel

Quantitative analyses of diesel by LLNL (EPA Methods 8021 and 8270) identified
toluene (80 mg/kg) and xylenes (all isomers, 730 mg/kg) as the only constituents
having 12 or fewer carbon atoms above the limit of detection (LOD) (LLNL, 1995).  We
assumed that these analytical data are representative of diesel treated or handled by
HWM Division at LLNL.  However, the carcinogen benzene has also been reported as a
potential constituent of diesel (California Regional Water Quality Control Board
[RWQCB], 1990).  To account for this possibility, we assumed that diesel treated or
handled by HWM Division would contain benzene in an amount equal to the analytical
LOD (EPA Method 8021) of 70 mg/kg.  Accordingly, to evaluate the potential health
effects associated with emission of diesel from LLNL’s waste treatment facilities, we
used chemical-specific toxicity data for benzene, toluene, and xylenes (all isomers)
(Table VII-1), and we assumed each is present in diesel at 70 mg/kg, 80 mg/kg, and
730 mg/kg, respectively.
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VII.4.2.2 Kerosene

The composition of kerosene has been defined as “a mixture of petroleum
hydrocarbons, chiefly of the methane series having from 10 to 16 carbon atoms per
molecule” (Budavari, 1989).  A typical analysis of kerosene includes n-dodecane,
alkylbenzenes, naphthalene, and 1- and 2-methyl tetrahydronaphthalene (Budavari,
1989).  Naphthalene is the only chemical of this group that had quantitative information
available from the regulatory sources of toxicity data used in this risk assessment
(CAL/EPA/OEHHA, 1994a and 1994b; EPA, 1995a and 1994b; EPA, Region IX, 1995;
CAPCOA, 1993).  We made the assumption that the toxicity from exposure to
naphthalene is representative of the potential adverse health effects from exposure to
kerosene; therefore, we used the inhalation RfD of naphthalene, (4.0 × 10–2 mg/kg-d
[EPA, Region IX, 1995]) to calculate non-cancer health effects associated with the
treatment of kerosene in waste treatment facilities at LLNL.  Naphthalene had not been
evaluated for carcinogenicity, and an acute REL had not been derived.

VII.4.2.3 Oil

As discussed in Section III, analytical data (LLNL, 1995) provided the basis for our
assumption that machine oil used at LLNL has the following compunds with 12 or more
carbon atoms:  2-mg/kg benzene, 2-mg/kg ethylbenzene, 10-mg/kg xylene, and
150-mg/kg naphthalene.  Each of these constituents has a chemical-specific toxicity
value(s) (Table VII-1), which we used to evaluate the potential health effects associated
with treatment or handling of machine oil at Areas 514 and 612.

VII.4.3 Chlorofluorocarbons

Chlorofluorocarbons treated or handled at Areas 514 and 612 were identified in HWM
Division records as Freon, Freon TF, chlorinated fluorocarbon, Freon 113,
trichlorofluoromethane, and trichlorotrifluoromethane.  All chemicals with one of these
designations were grouped into the category “Freons” for the purpose of characterizing
the potential health effects attributable to possible release of these substances.  None of
the individual chlorofluorocarbons was classified as a carcinogen, and no acute RELs
had been developed.  We made the health-conservative decision to select the lowest-
inhalation RfD from the set of all available inhalation RfDs for specific chlorofluoro-
carbons to account for the potential toxicity of these chemicals.  That value,
5.7 × 10−2 mg/kg-d, is the RfD developed for dichlorodifluoromethane (EPA, Region IX,
1995).

VII.4.4 Tetrachloroethanes

HWM Division records for chemicals treated at Area 514 in 1992 and 1993 contain
entries for tetrachloroethane and 1,1,2,2-tetrachloroethane.  The designation
“tetrachloroethane” may refer to one of two isomers:  1,1,1,2-tetrachloroethane or
1,1,2,2-tetrachloroethane—each of which has specific toxicological characteristics (only
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noncancer health effects had been quantified for 1,1,1,2-tetrachloroethane, and only
carcinogenic effects had been characterized for 1,1,2,2-tetrachloroethane).  To evaluate
the health risks and noncancer hazard associated with treatment of the
tetrachloroethanes, we used the cancer potency factor for 1,1,2,2-tetrachloroethane of
2.7 × 10–1 (mg/kg-d)-1 (CAL/EPA/OEHHA, 1994) and the RfD for
1,1,1,2-tetrachloroethane of 3.0 × 10–2 mg/kg-d (EPA, Region IX, 1995).

VII.5 Development of Toxicological Values for Assignment to Surrogate

For a number of chemicals identified in the source-term analysis and classified as
volatile chemicals by the screening (Section III), no toxicity data (neither CPF nor RfD)
were available from the literature utilized for this risk assessment.  Chemicals without a
CPF or RfD represent one source of uncertainty in the estimates of cancer risk and
noncancer hazard associated with the routine operation of waste treatment facilities at
LLNL.  Additional sources of uncertainty are attributable to:  1) the fact that the identity
of constituents entering the waste treatment system do not remain static over time; and
2) it was not possible to make specific or comprehensive predictions concerning the
identity of all possible waste constituents which may be treated or handled at LLNL in
the future.  Such waste constituents may include other substances identified by the Bay
Area Air Quality Management District as Toxic Air Contaminants (TACs) (LLNL, 1995),
other chemicals included in the EPA Hazardous Waste Codes (40 CFR 261) or state of
California Hazardous Waste Codes (22 CCR 66261), and/or additional chemicals used
in biomedical or other research that were not otherwise identified as TACs or by waste
codes.

To characterize the potential cancer risk associated with emissions from a waste
treatment stream that may have volatile constituents not specifically addressed in the
current estimates of risk and hazard, we constructed a log-probability distribution of all
inhalation cancer potency factors for all chemicals designated as carcinogens by the
state of California (CAL/EPA/OEHHA, 1994a).  This distribution (included as
Figure VII-1) represents data from 237 discrete chemicals.  The cancer potency factors in
this distribution span nine orders of magnitude, from 10-4 to 105 (mg/kg-d)-1.  This
range of potencies is a reflection of the diversity of chemical structure encompassed by
these data, and an associated diversity of carcinogenic mechanisms.  We selected the
95th percentile value from this distribution, ~ 3 × 102 (mg/kg-d)-1, as a value which
represents a plausible upper limit on the potency of chemicals not addressed in current
estimates of risk.  We completed an analogous evaluation (Figure VII-2) for the
429 inhalation RfDs compiled by the  EPA, Region IX (1995).  Because of the inverse
relationship between toxicity and RfDs, we selected the 5th percentile value of this
distribution, ~ 3 × 10-5 mg/kg-d, as representative of a plausible lower limit on the RfD
of chemicals not currently addressed.
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VII.6 Results of Calculations of Carcinogenic Risk and Noncancer Hazard

The individual Ri,s,p and Hi,s,p for each chemical at each source appear in Table VII-3.
The sum of the carcinogenic risks and indices of noncancer hazards for each MEIp,
attributable to emissions from either Area 514 or Area 612 are shown in this table, as
well as the total risk and hazard index attributable to both sources together.

In addition, for each inhalation exposure scenario at each exposure location associated
with emissions from Area 514 or Area 612, we calculated the incremental excess cancer
risk and noncancer hazard index associated with a surrogate chemical or chemicals
having either an individual or total surrogate potency of 3 × 102 (mg/kg-d)-1 and an
individual surrogate inhalation RfD of 3 × 10-5 mg/kg-d.  (Because the surrogate RfD
represents a lower-bound value, we anticipate that chemicals which lack toxicity data or
are not currently treated at LLNL will have RfDs greater than or equal to this surrogate
value.  Consequently, we do not assume that the surrogate RfD is a value potentially
representative of a combined RfD from multiple chemicals, each with lower RfDs.)  We
made the assumption that these chemicals would be emitted at a rate equivalent to the
highest mass per capacity for either Area 514 or Area 612 for a chemical for which
toxicity data are not available  (Table VII-4).  That value is 1 × 10-7 g/s.

As was done for the chemicals for which toxicity data were available, the risks and
hazards for the chemical surrogate are presented for each source at each receptor, as
well as summed for both emission sources (Table VII-3).  The table shows that for
individuals offsite, Area 514 contributes the greatest to risk and hazard. For risk, the
greatest contribution is from the emissions of tetrachloroethylene and ethylene oxide.
When the risk from the chemical surrogate is considered (based on the assigned mass
and CPF), it contributes the same level of risk as ethylene oxide.  For hazard, the
greatest contributions were from pyridine, tetrachloroethylene, and mercury.  The
chemical surrogate (at the assigned mass and RfD) did not make a significant
contribution to the total hazard.

The overall value for Rt,p is less than 5 × 10–5 for all MEIs (onsite and offsite) and well
below 10–6 for all offsite MEIs.  The value for Ht,p does not exceed 1.0 for any MEI
(offsite or onsite).  Although the surrogate contribution to either risk or hazard may
increase or decrease, depending upon chemical-specific values for mass and toxicity,
there is sufficient conservatism in the assigned toxicity values for the surrogate to
expect that the actual risk and hazard that could be contributed would not affect the
total risk.
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Table VII-3. Risk and hazard for each chemical, and chemical surrogate, at each source, for each receptor.
MEIawoff MEIresA MEIresB MEIresC MEIcdcNB MEIcdcFB MEIaos514 MEIaos612

Chemical name Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p

Chemicals Emitted from Area 514
Acetone NA 5.1E-07 NA 5.2E-06 NA 2.3E-06 NA 2.7E-06 NA 1.0E-07 NA 6.4E-08 NA 2.3E-04 NA 5.0E-06
Benzene 2E-11 NA 8E-11 NA 4E-11 NA 4E-11 NA 8E-13 NA 5E-13 NA 8E-09 NA 2E-10 NA
Carbon tetrachloride 1E-12 4.7E-08 7E-12 4.8E-07 3E-12 2.1E-07 3E-12 2.5E-07 7E-14 9.3E-09 4E-14 5.9E-09 7E-10 2.2E-05 1E-11 4.6E-07
Chloroethane NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Chloroform 4E-10 6.5E-06 2E-09 6.6E-05 9E-10 3.0E-05 1E-09 3.4E-05 2E-11 1.3E-06 1E-11 8.2E-07 2E-07 3.0E-03 4E-09 6.3E-05
Dichlorobenzene (1,4) 2E-12 6.8E-10 1E-11 6.9E-09 5E-12 3.1E-09 5E-12 3.6E-09 1E-13 1.3E-10 7E-14 8.6E-11 1E-09 3.1E-07 2E-11 6.6E-09
Dichloroethane (1,1) 4E-12 1.4E-08 2E-11 1.4E-07 8E-12 6.2E-08 9E-12 7.1E-08 2E-13 2.7E-09 1E-13 1.7E-09 2E-09 6.2E-06 4E-11 1.3E-07
Dichloroethane (1,2) 3E-12 NA 2E-11 NA 7E-12 NA 8E-12 NA 2E-13 NA 1E-13 NA 2E-09 NA 3E-11 NA
Dichloroethylene (1,1) 2E-10 3.2E-07 8E-10 3.2E-06 4E-10 1.4E-06 4E-10 1.7E-06 9E-12 6.3E-08 6E-12 4.0E-08 8E-08 1.5E-04 2E-09 3.1E-06
Ethylbenzene NA 2.2E-08 NA 2.2E-07 NA 1.0E-07 NA 1.2E-07 NA 4.4E-09 NA 2.8E-09 NA 1.0E-05 NA 2.2E-07
Ethylene oxide 1E-08 NA 5E-08 NA 2E-08 NA 3E-08 NA 5E-10 NA 3E-10 NA 5E-06 NA 1E-07 NA
Freons (as dichlorodifluoromethane) NA 1.1E-05 NA 1.1E-04 NA 4.9E-05 NA 5.7E-05 NA 2.1E-06 NA 1.4E-06 NA 5.0E-03 NA 1.0E-04
Kerosene (all assumed Napthalene) NA 4.6E-08 NA 4.6E-07 NA 2.1E-07 NA 2.4E-07 NA 9.0E-09 NA 5.7E-09 NA 2.1E-05 NA 4.4E-07
Mercury (inorganic) NA 1.2E-04 NA 1.2E-03 NA 5.5E-04 NA 6.3E-04 NA 2.4E-05 NA 1.5E-05 NA 5.5E-02 NA 1.2E-03
Methanol NA 1.5E-05 NA 1.5E-04 NA 6.9E-05 NA 7.9E-05 NA 3.0E-06 NA 1.9E-06 NA 6.9E-03 NA 1.5E-04
Methyl bromide NA 2.4E-09 NA 2.4E-08 NA 1.1E-08 NA 1.3E-08 NA 4.8E-10 NA 3.0E-10 NA 1.1E-06 NA 2.3E-08
Methyl butyl ketone NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Methylene chloride 9E-11 8.5E-08 4E-10 8.6E-07 2E-10 3.8E-07 2E-10 4.4E-07 4E-12 1.7E-08 3E-12 1.1E-08 4E-08 3.9E-05 9E-10 8.2E-07
Methyl ethyl ketone NA 2.4E-05 NA 2.4E-04 NA 1.1E-04 NA 1.3E-04 NA 4.8E-06 NA 3.1E-06 NA 1.1E-02 NA 2.4E-04
Methyl isobutyl ketone NA 2.0E-08 NA 2.0E-07 NA 9.1E-08 NA 1.0E-07 NA 3.9E-09 NA 2.5E-09 NA 9.2E-06 NA 1.9E-07
Machining Oils [less than 12 carbons]
     Benzene (2 mg/kg) 2E-11 NA 9E-11 NA 4E-11 NA 5E-11 NA 9E-13 NA 6E-13 NA 9E-09 NA 2E-10 NA
     Ethylbenzene (2 mg/kg) NA 1.9E-09 NA 1.9E-08 NA 8.7E-09 NA 1.0E-08 NA 3.8E-10 NA 2.4E-10 NA 8.8E-07 NA 1.9E-08
     Napthalene (150 mg/kg) NA 1.0E-06 NA 1.1E-05 NA 4.7E-06 NA 5.4E-06 NA 2.1E-07 NA 1.3E-07 NA 4.8E-04 NA 1.0E-05
     Xylenes (10 mg/kg) NA 1.4E-08 NA 1.4E-07 NA 6.3E-08 NA 7.3E-08 NA 2.7E-09 NA 1.7E-09 NA 6.4E-06 NA 1.3E-07
Pyridine NA 3.8E-04 NA 3.9E-03 NA 1.7E-03 NA 2.0E-03 NA 7.5E-05 NA 4.8E-05 NA 1.7E-01 NA 3.7E-03
Styrene NA 1.1E-11 NA 1.1E-10 NA 4.8E-11 NA 5.5E-11 NA 2.1E-12 NA 1.3E-12 NA 4.8E-09 NA 1.0E-10
Tetrachloroethanes 6E-09 1.9E-06 3E-08 2.0E-05 1E-08 8.8E-06 1E-08 1.0E-05 3E-10 3.8E-07 2E-10 2.4E-07 3E-06 8.9E-04 5E-08 1.9E-05
Tetrachloroethylene (PCE) 3E-08 3.5E-04 1E-07 3.5E-03 5E-08 1.6E-03 6E-08 1.8E-03 1E-09 6.8E-05 8E-10 4.4E-05 1E-05 1.6E-01 3E-07 3.4E-03
Toluene NA 8.7E-09 NA 8.8E-08 NA 3.9E-08 NA 4.5E-08 NA 1.7E-09 NA 1.1E-09 NA 4.0E-06 NA 8.4E-08
Trichloroethane (1,1,1) NA 1.5E-06 NA 1.5E-05 NA 6.7E-06 NA 7.7E-06 NA 2.9E-07 NA 1.8E-07 NA 6.7E-04 NA 1.4E-05
Trichloroethane (1,1,2) 3E-12 4.4E-08 2E-11 4.4E-07 7E-12 2.0E-07 8E-12 2.3E-07 2E-13 8.5E-09 1E-13 5.5E-09 2E-09 2.0E-05 3E-11 4.2E-07
Trichloroethylene 1E-09 7.0E-05 7E-09 7.0E-04 3E-09 3.2E-04 4E-09 3.6E-04 7E-11 1.4E-05 4E-11 8.7E-06 7E-07 3.2E-02 1E-08 6.7E-04
Vinyl chloride 1E-11 NA 5E-11 NA 2E-11 NA 2E-11 NA 5E-13 NA 3E-13 NA 5E-09 NA 1E-10 NA
Xylenes NA 4.8E-08 NA 4.8E-07 NA 2.2E-07 NA 2.5E-07 NA 9.4E-09 NA 6.0E-09 NA 2.2E-05 NA 4.6E-07

Subtotal Emitted from Area 514 4E-08 9.8E-04 2E-07 9.9E-03 9E-08 4.5E-03 1E-07 5.1E-03 2E-09 1.9E-04 1E-09 1.2E-04 2E-05 4.5E-01 4E-07 9.5E-03

Chemical Surrogate 1E-08 3.6E-06 5E-08 3.7E-05 2E-08 1.7E-05 3E-08 1.9E-05 6E-10 7.2E-07 4E-10 4.6E-07 5E-06 1.7E-03 1E-07 3.5E-05

Totals from Area 514 6E-08 9.9E-04 3E-07 1.0E-02 1E-07 4.5E-03 1E-07 5.2E-03 3E-09 1.9E-04 2E-09 1.2E-04 3E-05 4.5E-01 5E-07 9.6E-03

Chemicals Emitted from Area 612
Acetone NA 1.8E-08 NA 2.1E-07 NA 5.8E-08 NA 6.5E-08 NA 2.3E-09 NA 1.5E-09 NA 9.4E-08 NA 5.4E-06
Acetonitrile NA 4.0E-09 NA 4.5E-08 NA 1.3E-08 NA 1.4E-08 NA 5.0E-10 NA 3.3E-10 NA 2.1E-08 NA 1.2E-06
Benzene 7E-13 NA 4E-12 NA 1E-12 NA 1E-12 NA 2E-14 NA 1E-14 NA 4E-12 NA 2E-10 NA
Chloroform 1E-11 1.9E-07 7E-11 2.2E-06 2E-11 6.2E-07 2E-11 6.8E-07 4E-13 2.4E-08 3E-13 1.6E-08 7E-11 1.0E-06 4E-09 5.7E-05
Dichloro(1,3)-tetraisopropyl(1,1,3,3)-

disiloxane(1,3)
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
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MEIawoff MEIresA MEIresB MEIresC MEIcdcNB MEIcdcFB MEIaos514 MEIaos612

Chemical name Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p Ri,s,p Hi,s,p
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Diesel
     Benzene (70 mg/kg) 1E-13 NA 6E-13 NA 2E-13 NA 2E-13 NA 4E-15 NA 2E-15 NA 6E-13 NA 4E-11 NA
     Toluene (80 mg/kg) NA 1.1E-10 NA 1.2E-09 NA 3.4E-10 NA 3.8E-10 NA 1.3E-11 NA 8.9E-12 NA 5.6E-10 NA 3.2E-08
     Xylenes (730 mg/kg) NA 2.8E-11 NA 3.2E-10 NA 8.9E-11 NA 9.9E-11 NA 3.5E-12 NA 2.3E-12 NA 1.4E-10 NA 8.3E-09
Diethylammonium acetate (as Diethyl

amine)
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Ethyl acetate NA 4.2E-12 NA 4.7E-11 NA 1.3E-11 NA 1.5E-11 NA 5.2E-13 NA 3.4E-13 NA 2.2E-11 NA 1.2E-09
Ethyl benzene NA 1.6E-14 NA 1.8E-13 NA 5.1E-14 NA 5.6E-14 NA 2.0E-15 NA 1.3E-15 NA 8.2E-14 NA 4.7E-12
Freons (as dichlorodifluoromethane) NA 5.3E-09 NA 6.0E-08 NA 1.7E-08 NA 1.9E-08 NA 6.6E-10 NA 4.3E-10 NA 2.7E-08 NA 1.6E-06
Heptachlor 1E-17 1.3E-14 7E-17 1.5E-13 2E-17 4.2E-14 2E-17 4.6E-14 4E-19 1.6E-15 3E-19 1.1E-15 7E-17 6.8E-14 4E-15 3.9E-12
Hexane NA 8.1E-09 NA 9.2E-08 NA 2.6E-08 NA 2.9E-08 NA 1.0E-09 NA 6.7E-10 NA 4.2E-08 NA 2.4E-06
Mercury (inorganic) NA 6.5E-15 NA 7.4E-14 NA 2.1E-14 NA 2.3E-14 NA 8.1E-16 NA 5.4E-16 NA 3.4E-14 NA 1.9E-12
Methanol NA 2.1E-09 NA 2.4E-08 NA 6.9E-09 NA 7.6E-09 NA 2.7E-10 NA 1.8E-10 NA 1.1E-08 NA 6.4E-07
Methylene chloride 5E-12 4.6E-09 3E-11 5.2E-08 7E-12 1.5E-08 8E-12 1.6E-08 1E-13 5.8E-10 1E-13 3.8E-10 3E-11 2.4E-08 1E-09 1.4E-06
Methyl ethyl ketone NA 8.1E-12 NA 9.2E-11 NA 2.6E-11 NA 2.9E-11 NA 1.0E-12 NA 6.7E-13 NA 4.2E-11 NA 2.4E-09
Methyl isobutyl ketone NA 2.3E-10 NA 2.6E-09 NA 7.3E-10 NA 8.1E-10 NA 2.9E-11 NA 1.9E-11 NA 1.2E-09 NA 6.8E-08
Nitromethane NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Machining Oils [less than12 carbons]
     Benzene (2 mg/kg) 8E-16 NA 4E-15 NA 1E-15 NA 1E-15 NA 2E-17 NA 2E-17 NA 4E-15 NA 2E-13 NA
     Ethylbenzene (2 mg/kg) NA 1.3E-14 NA 1.5E-13 NA 4.3E-14 NA 4.7E-14 NA 1.7E-15 NA 1.1E-15 NA 6.9E-14 NA 3.9E-12
     Napthalene (150 mg/kg) NA 7.0E-14 NA 7.9E-13 NA 2.2E-13 NA 2.5E-13 NA 8.8E-15 NA 5.8E-15 NA 3.6E-13 NA 2.1E-11
     Xylenes (10 mg/kg) NA 8.6E-14 NA 9.8E-13 NA 2.8E-13 NA 3.1E-13 NA 1.1E-14 NA 7.1E-15 NA 4.5E-13 NA 2.6E-11
Polychlorinated byphenyls (PCBs) 4E-20 7.0E-16 2E-19 7.9E-15 6E-20 2.2E-15 6E-20 2.5E-15 1E-21 8.8E-17 8E-22 5.8E-17 2E-19 3.6E-15 1E-17 2.1E-13
Tetrachloro(2,3,7,8) dibenzo-p-dioxin

(TCDD)
1E-25 NA 7E-25 NA 2E-25 NA 2E-25 NA 4E-27 NA 3E-27 NA 7E-25 NA 4E-23 NA

Tetrachloroethylene (PCE) 3E-15 3.9E-11 1E-14 4.4E-10 4E-15 1.2E-10 5E-15 1.4E-10 9E-17 4.8E-12 6E-17 3.2E-12 1E-14 2.0E-10 9E-13 1.1E-08
Tetrahydrofuran NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Toluene NA 6.9E-12 NA 7.9E-11 NA 2.2E-11 NA 2.5E-11 NA 8.7E-13 NA 5.7E-13 NA 3.6E-11 NA 2.1E-09
Trichloroethane (1,1,1) NA 3.7E-09 NA 4.2E-08 NA 1.2E-08 NA 1.3E-08 NA 4.6E-10 NA 3.0E-10 NA 1.9E-08 NA 1.1E-06
Trichloroethane (1,1,2) 4E-14 4.5E-10 2E-13 5.2E-09 5E-14 1.5E-09 6E-14 1.6E-09 1E-15 5.7E-11 7E-16 3.8E-11 2E-13 2.4E-09 1E-11 1.4E-07
Trichloroethylene (TCE) 6E-12 2.7E-07 3E-11 3.0E-06 8E-12 8.6E-07 9E-12 9.5E-07 2E-13 3.4E-08 1E-13 2.2E-08 3E-11 1.4E-06 2E-09 7.9E-05
VHS (as vinyl chloride/carbontetRfD) 6E-10 1.1E-05 3E-09 1.3E-04 9E-10 3.5E-05 1E-09 3.9E-05 2E-11 1.4E-06 1E-11 9.2E-07 3E-09 5.7E-05 2E-07 3.3E-03
Vinyl chloride 7E-13 NA 4E-12 NA 1E-12 NA 1E-12 NA 2E-14 NA 1E-14 NA 4E-12 NA 2E-10 NA
Xylenes NA 4.1E-10 NA 4.7E-09 NA 1.3E-09 NA 1.5E-09 NA 5.2E-11 NA 3.4E-11 NA 2.1E-09 NA 1.2E-07

Subtotal Emitted from Area 612 6E-10 1.2E-05 3E-09 1.3E-04 9E-10 3.7E-05 1E-09 4.1E-05 2E-11 1.5E-06 1E-11 9.6E-07 3E-09 6.0E-05 2E-07 3.4E-03

Chemical Surrogate 2E-08 5.6E-06 9E-08 6.4E-05 3E-08 1.8E-05 3E-08 2.0E-05 6E-10 7.1E-07 4E-10 4.6E-07 9E-08 2.9E-05 5E-06 1.7E-03

Subtotal From Area 612 2E-08 1.7E-05 1E-07 2.0E-04 3E-08 5.5E-05 3E-08 6.1E-05 6E-10 2.2E-06 4E-10 1.4E-06 1E-07 8.9E-05 6E-06 5.1E-03

Total Emitted from Areas 514 and
612

5E-08 1.0E-03 2E-07 1.0E-02 9E-08 4.5E-03 1E-07 5.2E-03 2E-09 1.9E-04 1E-09 1.2E-04 2E-05 4.5E-01 6E-07 1.3E-02

Total Surrogate from Areas 514 and
612

3E-08 9.2E-06 1E-07 1.0E-04 5E-08 3.5E-05 6E-08 3.9E-05 1E-09 1.4E-06 7E-10 9.2E-07 5E-06 1.7E-03 5E-06 1.7E-03

Total Emitted and Surrogate 7E-08 1.0E-03 4E-07 1.0E-02 1E-07 4.5E-03 2E-07 5.2E-03 3E-09 2.0E-04 2E-09 1.3E-04 3E-05 4.5E-01 6E-06 1.5E-02

Note: NA indicates the specific toxicity value is not available for one of the following reasons:  (1)  there was no conclusion regarding quantification of the dose-response relationship, or (2) dose-response data had not
been developed, or (3) the dose-response data indicated an absence of effect.

Totals may not be sum of numbers in columns due to rounding effects.
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Table VII-4.  Identity and emission rates of chemicals in the 1992/1993
HWM Division waste stream which lack quantitative toxicity data.

Chemical Area source
Emission rate

(g/s per capacity)

Chloroethane 514 4.2 × 10-11

Methyl butyl ketone 514 8.7 × 10-8

dichloro (1,3)-tetraisopropyl (1,1,3,3)-disoxane (1,3) 612 1.8 × 10-14

Diethylammonium acetate 612 4.6 × 10-8

Nitromethane 612 9.5 × 10-9

Tetrahydrofuran 612 1.6 × 10-9

VII.7 Contribution to Risk from Radioactivity

Emissions of radionuclides to air by DOE facilities are regulated by the National
Emissions Standards for Hazardous Air Pollutants (NESHAPs [40 CFR Part 61,
Subpart H]) of the Clean Air Act, and by DOE Orders 5400.1, General Environmental
Protection Program, and 5400.5, Radiation Protection of the Public and the Environment.  The
NESHAPs regulations limit the emission of radionuclides to the ambient air to activity
levels resulting in an annual effective dose equivalent (EDE) not to exceed 100
microSievert (10 millirem) to any member of the public.  The standards presented in the
DOE Orders are for emissions to all environmental media, not just the air, and are based
on recommendations by the International Commission on Radiological Protection
(ICRP, 1977 and 1980).  The DOE radiation standards were established independently
from and differ from the NESHAPs standards; the DOE standards for protection of the
public are 1000 microSievert/year (100 millirem/year) EDE for prolonged exposure,
and 5000 microSievert/year (500 millirem/year) EDE for occasional exposure.  (See
Appendix G for a short discussion of natural and man-made radiation.)

VII.7.1 Radioactive Emissions

To determine its annual compliance with NESHAPs regulations for 1994, LLNL
conducted a complete radionuclide inventory of all areas in which radioactive materials
are used.  The inventory identified numerous radionuclides processed at Area 514 (see
Surano et al., 1995, for a complete list) that were addressed as potential radionuclide
emissions.  To determine the radioactive emissions from operations at Area 612 where
tritium-containing wastes are handled and stored, LLNL personnel used results of
continuous air sampling for tritium near Area 612 to determine the emissions from
operations at Area 612.
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VII.7.2 CAP88 Modeling and NESHAPs Dose Assessment

The radioactive emissions and site-specific meteorological data were used with the
EPA-approved CAP88-PC air-dispersion dose assessment model to calculate annual
EDEs for each facility.  The LLNL NESHAPs 1994 Annual Report (Surano et al., 1995)
contains a complete description of the modeling assumptions and the results for the
1994 NESHAPs compliance effort.

The NESHAPs regulations require identification and reporting of the dose for the site-
wide MEI.  The location of this “site-wide” MEI for NESHAPs emissions is the UNCLE
Credit Union external to the LLNL site on the eastern perimeter; this location
corresponds to this health risk assessment’s MEIawoff.  To determine the location of the
site-wide MEI for NESHAPs, LLNL personnel also evaluated a number of other offsite
locations.  Two of these locations correspond to exposure points for MEIs identified for
this risk assessment:  MEIresA and MEIresC.  In addition, as part of the NESHAPs
evaluation, LLNL evaluates fence line doses at each of 16 wind directions from the
source; the west-northwest fence line location is sufficiently close to the MEIcdcNB
receptor location to provide a reasonable estimate of the dose at this location.

The NESHAPs dose calculated for an individual at MEIawoff (UNCLE Credit Union)
was 0.046 microSievert/year (0.0046 millirem/year) for emissions from operations at
Area 514 and 0.13 microSievert/year (0.013 millirem/year) for emissions from
operations at Area 612 (Surano et al., 1995).  These doses are well below the NESHAPs
standard of 100 microSievert.  The NESHAPs dose estimates for 1994 emissions for
MEIresA, MEIresC, MEIcdcNB are  calculated as part of the NESHAPs compliance effort
but are not published in the NESHAPs report.  These dose estimates, as well as the
published dose estimate for MEIawoff, are all presented in Table VII-5.

VII.7.3 Surveillance Monitoring and Dose Calculations

As part of a continuing environmental surveillance effort in compliance with DOE
Orders 5400.1 and 5400.5, LLNL directly monitors air emissions at a number of specific
locations; the results of this monitoring for 1994 are presented in the Environmental
Report 1994 (Harrach et al., 1995).  Two locations where continuous air monitoring is
conducted specifically for tritium are at Areas 514 and 624 (near Area 612).  These
locations provide a reasonable estimate of doses to a hypothetical MEIaos (the adult on
site) working 33 feet (10 meters) from operations at Area 514 or at Area 612.  The dose
estimates for 1994 continuous air monitoring emissions are well below the NESHAPs
standard of 100 microSievert and are presented in Table VII-5.

VII.7.4 HRA Radiation Dose Calculations

The doses calculated to satisfy NESHAPs and DOE regulatory requirements are not
directly applicable, however, to our assessment of lifetime excess carcinogenic risk for
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three principal reasons.  First, the calculations were based on exposures for 24 hours per
day, 365 days per year at all receptors; in comparison, the dose calculations for this risk
assessment for workers and for children at a day care center are for 2,000 hours per year
(8 h/d × 250 d/year).  In addition, the NESHAPs doses are only annual doses, while
this risk assessment evaluates longer term exposures.  Finally, the present risk
assessment treats the maximum permitted capacity levels for waste processing at Area
514, not actual 1994 levels.  In 1994, the volume processed at Area 514 was 50,000
gallons, whereas the permitted capacity for that facility is expected to be 250,000
gallons.

Table VII-5.  Unadjusted dose estimates for air emissions for 1994.

Area 514
(µSv/y)

Area 612
(µSv/y) Reference

Annual values from inventory data

MEIawoff 4.6 × 10–2 1.3 × 10–1 Surano et al., 1995

MEIresA 1.4 × 10–2 2.1 × 10–2 calculated in NESHAPs
compliance process

MEIresC 1.1 × 10–2 5.2 × 10–2 calculated in NESHAPs
compliance process

MEIcdcNB 9.6 × 10–3 1.5 × 10–2 calculated in NESHAPs
compliance process

Annual values from surveillance
monitoring data

MEIaos (tritium only) 2.6 × 10–2 1.4 × 10–1 Harrach et al., 1995

To account for the differences in exposure between the annual NESHAPs and
surveillance doses and the doses being estimated for this risk assessment, the worker
and child day care exposures were multiplied by 2000 hours/8760 hours
(8760 h = 24 h/d × 365 d/y).  To account for the various exposure durations, the annual
NESHAPs and surveillance-monitoring doses were multiplied by 25 for a 25-year
exposure for workers, by 30 for a 30-year exposure for residents, and by 6 for a 6-year
exposure at the near boundary for the hypothetical child day care center (MEIcdcNB).
Finally, all Area 514 doses were multiplied by 5 to account for the permitted increase in
operations from 50,000 gallons per year to 250,000 gallons per year; and all Area 612
doses were multiplied by 2 to account for permitted increased operations in that area.
The adjusted lifetime doses are presented in Table VII-6.

VII.7.5 HRA Radiation Risk Estimation

To estimate the lifetime excess cancer mortality risk for the exposures at the receptor
locations, the doses were multiplied by the ICRP risk factor of 0.05 per Sievert (ICRP, 1991).
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The resulting risks are presented in Table VII-7.  There are no risks in excess of 1 × 10-6.
The highest risk is at MEIresA and MEIresC, at 2 × 10-7.  Even at the highest risk from
radioactivity, the overall risk from radioactive and nonradioactive materials is, at most,
doubled (i.e., the risk from all other volatile compounds is estimated to be about 2 × 10-7)
and the total is still less than 1 × 10-6.

Table VII-6.  Adjusted lifetime dose estimates for air emissions.

MEI

Area 514
(µSv/y)

(Multiplied × 5)

Area 612
(µSv/y)

(Multiplied × 2)

Multiplicative
scaling

factor(s)

MEIawoff 1.3 × 10 1.5 × 10 2000h/8760h and 25 y

MEIresA 2.1 × 10 1.2 × 10 30 y

MEIresC 1.7 × 10 3.1 × 10 30 y

MEIcdcNB 6.6 × 10–2 4.1 × 10–2 2000h/8760h and 6 y

MEIaos (tritium only) 7.4 × 10–1 8.0 × 10–1 2000h/8760h and 25 y

Table VII-7.  Excess lifetime cancer mortality risk estimates for air emissions.

MEI Area 514 Area 612 Total

MEIawoff 6.6 × 10–8 7.4 × 10–8 1 × 10–7

MEIresA 1.1 × 10–7 6.2 × 10–8 2 × 10–7

MEIresC 8.3 × 10–8 1.6 × 10–7 2 × 10–7

MEIcdcNB 3.3 × 10–9 2.1 × 10–9 5 × 10–9

MEIaos (tritium only) 3.7 × 10–8 4.0 × 10–8 8 × 10–8

VII.8 Summary of Human Health Risk Assessment

The objective of this health risk assessment was to evaluate the potential incremental
excess cancer risk and noncancer health effects associated with the routine operation of
waste handling and treatment facilities at LLNL.  This evaluation was based on
exposure scenarios developed to characterize potential risks and hazards to individuals
who may occupy residences near LLNL (MEIresA, MEIresB, MEIresC); children at a
hypothetical day care center located in the nearest residential neighborhood
(characterized by a near boundary, MEIcdcNB, and far boundary, MEIcdcFB); adult
workers offsite (MEIawoff); and adults onsite who work in the immediate vicinity of
Areas 514 and 612 (MEIaos514, MEIaos612).  Risks and/or noncancer hazard indices were
calculated for (1) inhalation exposures to volatile constituents emitted from Areas 514
and 612; and (2) inhalation of radionuclides emitted from Areas 514 and 612.  We used a
surrogate CPF and a surrogate RfD to characterize the risk and hazard, respectively,
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attributable to emissions from a waste treatment stream which may have volatile
constituents not otherwise addressed in the health risk assessment.

The risks calculated for inhalation of volatile constituents, radionuclides, or chemicals
represented by a surrogate CPF, for each receptor location are summarized in
Table VII-8.  With the exception of the adult onsite scenarios (MEIaos514, MEIaos612), the
risks from volatile constituents, radionuclides, or surrogate, emitted from Areas 514 and
612 together, range from 2 × 10−9 to 2 × 10−7.  For the two adult onsite exposure
scenarios, the potential risks range from 6 × 10−6 to 3 × 10−5; however, as noted in
Section VI, institutional controls will ensure that risks associated with waste handling
and treatment at these locations will remain within acceptable levels for workers.

Table VII-8.  Summary of total risk from chemicals known to be emitted and with
known toxicological data, the assigned chemical surrogate, toxicological parameters,

and radioactivity.

MEI
receptor

Risk from
chemicals having
toxicological data

Risk from
chemical
surrogate

Risk
from

radioactivity
Total
risk

MEIawoff 4.5 × 10–8 3.0 × 10–8 1.0 × 10–7 2 × 10–7

MEIresA 2.1 × 10–7 1.5 × 10–7 2.0 × 10–7 6 × 10–7

MEIresB 9.3 × 10–8 5.1 × 10–8 Not available 1 × 10–7

MEIresC 1.1 × 10–7 5.7 × 10–8 2.0 × 10–7 4 × 10–7

MEIcdcNB 2.1 × 10–9 1.1 × 10–9 5.0 × 10–9 8 × 10–9

MEIcdcFB 1.4 × 10–9 7.1 × 10–10 Not available 2 × 10–9

MEIaos514 2.0 × 10–5 5.5 × 10–6 8.0 × 10–8 3 × 10–5

MEIaos612 6.2 × 10–7 5.5 × 10–6 8.0 × 10–8 6 × 10–6

Note:  Risk has been calculated for maximum operating levels, not actual operating levels, i.e., the risk
values for Area 514 are for operating levels about 5 times higher than actual levels, and the risk values for
Area 612 are for operating levels about 2 times higher than the actual operating levels.

The hazard index calculated for inhalation of volatile constituents or chemicals
represented by a surrogate RfD, for each receptor location are summarized in
Table VII-9.  The hazard index from volatile constituents, or surrogate, emitted from
Areas 514 and 612 together, are all less than 1.0, and range from 1 × 10−4 to 5 × 10−1.

The risks and noncancer hazard indices are expected to remain within generally
acceptable levels and would not result in an unacceptable level of risk or hazard to the
public or workers on site.  The level of confidence in these results is reinforced by the
substantial conservatism employed in this quantitative analysis.
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Table VII-9.  Summary of total hazard from chemicals known to be emitted and with
known toxicological data, the assigned chemical surrogate, and toxicological

parameters.

MEI
receptor

Hazard from
chemicals having
toxicological data

Hazard from
surrogate
chemical

Total
hazard

MEIawoff 1.0 × 10–3 9.3 × 10–6 1 × 10–3

MEIresA 1.0 × 10–2 1.0 × 10–4 1 × 10–2

MEIresB 4.5 × 10–3 3.5 × 10–5 5 × 10–3

MEIresC 5.2 × 10–3 3.9 × 10–5 5 × 10–3

MEIcdcNB 1.9 × 10–4 1.4 × 10–6 2 × 10–4

MEIcdcFB 1.2 × 10–4 9.2 × 10–7 1 × 10–4

MEIaos514 4.5 × 10–1 1.7 × 10–3 5 × 10–1

MEIaos612 1.3 × 10–2 1.7 × 10–3 2 × 10–2

Note:  Hazard has been calculated for maximum operating levels, not actual operating levels; i.e., the
hazard calculated for Area 514 is for operating levels about 5 times higher than the actual levels, and the
hazard calculated for Area 612 is for operating levels about 2 times higher than actual operating levels.

VII.9 Uncertainties and Conservatisms

We made  every effort to adopt a realistic approach for the assessment of risk and
hazard (e.g.,  current process design, source-term development, chemical screening,
meteorological modelling, exposure-pathway screening, human-receptor locations, and
calculations for estimating risk and hazard).  However, in some cases, realistic values
for input parameters could not be quantified.  Specifically, planned design changes are
not addressed that would reduce Area 514 emissions; uncertainties concerning the
source term are accounted for using conservative assumptions; and toxicological data
with built-in health-protective conservatisms are applied.

Consideration of process design was restricted to current routine operations at Area 514
and 612.  It is important to note, however, that a carbon adsorption unit is planned for
installation at the Area 514 tank farm.  The use of this carbon adsorption unit will
significantly reduce air emissions and the associated risk and hazard.  At this time, this
reduction in risk and hazard cannot be quantified and is not accounted for by this risk
assessment.  After installation, the reduction in emissions will be determined, and the
risk and hazard will be lowered in proportion to this reduction.

In order to account for any conceivable uncertainties in assessment of the source term,
we made certain conservative assumptions.  The principal uncertainties are related to
the precise mass of chemical generated, and any small amounts of chemicals that may
have escaped identification.  For Area 514, the maximum concentration of a chemical
reported by a waste generator was selected, and the maximum concentration for either
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1992 and 1993 was chosen to represent annual emissions.  For annual-average
emissions, the assumption was made that 100% of the mass of all of the chemicals of
concern were released to the atmosphere from operations at Area 514.  For the hourly
maximum emissions, a mass-transfer model was used with maximum concentrations
from all blends as input.  For Area 612, emission rates were  calculated assuming
volatilization of the pure chemical of concern, and not the chemical in dilute solution.
(These assumptions are described in detail in Section III.)  Therefore, in general, these
assumptions lead to an overestimate of the expected emissions from the operations at
these facilities.

A number of assumptions are made in the model predicting dose from radioactivity for
NESHAPs compliance (i.e., CAP88-PC).  Among the most conservative assumptions are
the methods used to select surrogate radionuclides for those not addressed specifically
by CAP88-PC, and the assignment of amplified emission factors for the fraction of
radionuclide released to the atmosphere (Surano et al., 1995)  The combination of all
these assumptions leads to an overestimate of the risk from emissions of radionuclides.

We performed meteorological modelling to yield a normalized concentration at the
exposure points of interest that could be scaled with the conservative estimate of the
emission from the source (see Section IV).  This normalized concentration was derived
based on a unit emission rate (i.e., g/m3 per g/s, reported as s/m3).  The five-year,
annual-average normalized concentration is representative of realistic, average
meteorological conditions and is not especially conservative.  However, in our
modeling we have taken no credit for settling or impact of the plume with the ground in
order to ensure 100% of the plume remains in the air (See Section IV.1.3).  Furthermore,
the estimated normalized, maximum, 1-hour concentration is a substantially
conservative value to account for meteorological scenarios (wind speed and direction)
that are extremely atypical and infrequent during expected times of operation.
Accordingly, additional conservatism can be attributed to the use of the meteorological
model.

The equations used for estimating doses for the MEIs at the exposure points of interest
are consistent with accepted practice.  However, an adult inhalation rate of 20 m3/d
could overestimate the lifetime average.  According to Layton (1993), the lifetime
average breathing rate between ages 9 and 75 might better be estimated by a value of 12
m3/d.  The data reported by Layton (1993) also suggest that the childhood average
breathing rate between birth and age 6 is less than 10 m3/d (i.e., as low as 4.5 m3/d
under age 1, and as low as 8.3 m3/d for children ages 3 to 6).  Additionally, the period
of residential duration may be less than the 30-year period used in the calculation of
residential dose.  For example, based on data reported by Israeli and Nelson (1992), only
5% of the population lives in the same residence longer than 23 years.  Furthermore,
based on a 1.4-year average residence time for all housing categories reported by Israeli
and Nelson (1992), it is unlikely that a child would attend the same child day care center
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for an entire 6-year period.  Any reduction in one or more of these parameters will
result in a reduction in the estimate of corresponding dose and, subsequently, in the
determination of the corresponding risk and hazard.

As described earlier in this Section, the product of the dose and a CPF is the
carcinogenic risk, and the quotient of the dose and the RfD is the hazard index.  The
CPFs and RfDs published in the regulatory literature are deliberately derived to protect
public health.  Any conservatism in the estimation of CPF or RfD translates directly into
a conservative estimate of the risk or hazard.  Additionally, the CPF and RfD for the
surrogate chemical were developed to be health protective, i.e., based on the 95th
percentile and 5th percentile, respectively, of the reviewed toxicological data.  The
combination of the conservatism in the reported CPFs and RfDs, with the conservatism
developed for the CPF and RfD for the surrogate, yields results that are designed to
overpredict the potential lifetime excess cancer risk or noncancer hazard.

Based on our interpretation of the results, the carcinogenic risk and noncancer hazard
for emissions from HWM operations at Areas 514 and 612 are expected to be within
generally acceptable levels and would not result in an unacceptable level of risk or
hazard to the public or workers on site.  The level of confidence in these results is
reinforced by the substantial conservatism employed in this quantitative analysis, as
summarized above.
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CHRA Chemical Health Risk Assessment

CPF Cancer potency factor

DOE U.S. Department of Energy

DTSC Department of Toxic Substances Control

EDE Effective dose equivalent

EPA U.S. Environmental Protection Agency

EPA U.S. Environmental Protection Agency

H Hazard (noncancer)

HEAST Health Effects Assessment Summary Tables

HWM Hazardous Waste Management

ICRP International Commission on Radiological Protection

IED Inhalation exposure dose

IRIS Integrated Risk Information System

LLNL Lawrence Livermore National Laboratory

LOD Limit of detection

MEI Maximally Exposed Individual

NESHAPs National Emissions Standards for Hazardous Air Pollutants

OEHHA Office of Environmental Health Hazard Assesment

PEA Preliminary Endangerment Assessment

PRG Preliminary Remediation Goal

R Risk (carcinogenic)

RELs Reference Exposure Levels

RfD Reference dose

RWQCB Regional Water Quality Control Board
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TACs Toxic Air Contaminants

VHS Volatile Halogenated Substances
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Appendix A.  Assessment of Potential Risks to
Ecological Resources

1.0 Introduction

This document provides a qualitative screening assessment of potential ecological
risks resulting from hazardous waste management operations at the Area 514 Facility
and  Area 612 Facility, located in the southeast quadrant of the Main Site of Lawrence
Livermore National Laboratory (LLNL).  These two hazardous waste management
facilities contain 28 associated waste management units for treatment and storage of
hazardous and mixed waste.  An area of approximately 12 square miles
(20 square kilometers) with the LLNL Main Site at its approximate center was
evaluated.

2.0 Environmental Setting

As part of the overall health risk assessment, we performed a qualitative screening
assessment of potential risks to ecological resources resulting from hazardous waste
management operations at Area 514 and Area 612 facilities.  Potential target species
were identified from previous local area investigations, and the sections below
discuss the probable magnitude of effects, if any, on these species that could result
from exposures to the Chemicals of Potential Concern (COPCs) are discussed.

2.1 Location

Information regarding the location, historic land uses, and current major programs
was largely adapted from the August 1992 Final Environmental Impact Statement and
Environmental Impact Report for Continued Operation of Lawrence Livermore National
Laboratory and Sandia National Laboratories, Livermore  (1992 EIS/EIR) (DOE, 1992).
Information regarding topography and climate were taken from the Annual
Environmental Report, 1993  (Gallegos, et al., 1994).

LLNL is located approximately 40 miles (64.4 kilometers) east of San Francisco at the
southeastern end of the Livermore Valley in southern Alameda County (Figure I-1).

The LLNL Main Site adjacent to Livermore occupies essentially all of Section 12, T3S,
and R2E (USGS Altamont quadrangle), and a portion of Sections 1, 2, and 11 for a
total area of 820 acres (330 hectares).  Lands to the north are zoned industrial, lands
to the east and south are zoned mostly agricultural, and lands to the west are zoned
residential.
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2.2 Historic Land Uses and  Current  Laboratory Programs

2.2.1 Historic Land Uses

Before World War II, the present-day LLNL Main Site was part of the Wagoner
Ranch; cattle grazing was the dominant land use.  The U.S. Navy purchased the site
in 1942 and established the Livermore Naval Air Station as a flight training base.
Runways were constructed near the center of the site with a rectangular-grid street
system along the southern portion of the site (University of California [UC], 1987).

The transition from Navy operations to a research facility began in 1950 when the
California Research and Development Corporation (a subsidiary of Standard Oil,
Inc.) began construction of the Materials Test Accelerator facility, as authorized by
the U.S. Atomic Energy Commission.  In 1951, the University of California Radiation
Laboratory in Berkeley began using some of the Livermore facilities in support of
nuclear weapons research being conducted by the Los Alamos Scientific Laboratory
in New Mexico (UC, 1987).

2.2.2 Current Major Programs

Today LLNL is a multiprogram national laboratory operated by UC for DOE.  It
undertakes multidisciplinary fundamental and applied research and development
activities in a broad range of scientific and technical fields and maintains close
interaction with scientific and technical personnel within universities and industry.
LLNL’s primary mission has always been the design of nuclear weapons; however,
major new research programs have been developed in response to national needs.
Major research programs include defense systems, laser fusion, laser isotope
separation, magnetic fusion, biomedical and environmental research, environmental
and waste management, and energy resources.  In addition, LLNL has a number of
multiprogram and general purpose facilities that support all laboratory programs.

2.3 Topography

The LLNL Main Site is located in an east-west-oriented depression within the Diablo
Range of the California Coast Province.  The Livermore Valley, the most prominent
valley within the Diablo Range, is an east-west trending trough that is bounded on
the west by Pleasanton ridge and on the east by the Altamont Hills.  The valley floor
is covered by alluvial, lake, and swamp deposits consisting of gravels, sands, silts,
and clays, with an average thickness of about 328 feet (100 meters).  The valley is
approximately 15 miles (25 kilometers) long and averages 7 miles (11 kilometers)
wide and ranges in elevation from 720 feet (220 meters) above mean sea level along
the eastern margin and gradually dips to 302 feet (92 meters) at the southwest corner.
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2.4 Climate

Mild, rainy winters and warm, dry summers characterize the climate of the
Livermore Valley.  The mean annual temperature for 1993 was 15 °C.  Temperatures
range from -5°C during pre-dawn winter mornings to 40°C during summer
afternoons.  Meteorological data, wind speed, wind direction, rainfall, and
temperature measurements are gathered at the Main Site.

Both rainfall and wind exhibit a strong seasonal pattern.  The prevailing winds are
from the west and southwest, accounting for 45 percent of the wind pattern.  These
wind patterns are controlled by the thermal draw of the warm Central Valley that
results in wind blowing from the cool ocean toward the warm valley, increasing in
intensity as the valley heats up.  The wind blows from the northeast primarily during
the winter storm season.  Most precipitation occurs between October and April, with
very little rainfall during the warmer months.  The highest and lowest annual
rainfalls on record are 31 inches (782 millimeters) and 5 inches (138 millimeters).  In
1993, the Main Site received 16 inches (402 millimeters) of rain.

2.5 Ecological Setting

Approximately 78 percent of the LLNL Main Site has been developed  (DOE, 1992).
Vegetation at this site has been altered by past land uses, including livestock grazing
from the 1800s to the mid 1900s, the development of the Livermore Naval Air Station
beginning in 1942, and further development of the site as the Livermore Radiation
Laboratory and subsequently as LLNL .  Surrounding the LLNL Main Site are areas
developed as agricultural, light industrial, and residential.

Immediately to the south of LLNL’s Main Site is Sandia National Laboratories,
Livermore (now Sandia Laboratories, California [SNL/CA]), operated by Martin-
Marietta under DOE contract.  SNL/CA occupies 413 acres (1,020 hectares).  It
provides research and development associated with nuclear weapons systems
engineering, as well as related national security tasks.  Although their primary
missions are similar, LLNL and SNL/CA are separate facilities, each with its own
management and each reporting to a different DOE operations office.

2.5.1 Area Assessed

For the purposes of this assessment, we evaluated an area consisting of
approximately 12 square miles (20 square kilometers) with the LLNL Main Site at its
approximate center (Figure A-1).  This area includes sections 6, 7, and 18 T3S, R3E,
and sections 1, 2, 11, 12, 13, and 14, T 3S, R2E.  We selected this area to conform with
guidance provided in the Department of Toxic Substances Control’s Preliminary
Endangerment Assessment (PEA) Guidance Manual  (CAL/EPA/DTSC, 1994) to
characterize biological resources potentially occurring at the project site: “due to their
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occurrence at nearby areas (i.e., within 1 mile).” Area 514 and Area 612 are located in
the southeast quadrant of the LLNL Main Site (Figure A-1).

2.5.2 Current Land Uses

The LLNL and SNL/CA Livermore sites include developed areas (laboratories and
other buildings and facilities) surrounded by security zones of mostly grassland.  The
least disturbed habitat is along Arroyo Seco, which runs through the SNL/CA site
and the southwestern corner of the LLNL Main Site.  Three distinct vegetation types
were identified at SNL/CA along this arroyo and include a remnant of riparian,
riparian understory, and wetland vegetation.

The developed areas at the LLNL Main Site are planted with ornamental vegetation
and lawns.  There are also small areas of disturbed ground with early successional
plant species.  The undeveloped land in the security zone consists of the introduced
annual grassland plant community dominated by non-native grasses such as slender
oat and ripgut brome.  Another relatively undisturbed plant community at the LLNL
Main Site is a remnant of the native, wooded riparian plant community along Arroyo
Seco.  At the LLNL Main Site, Arroyo Seco is steep-sided, with the slopes covered
with grass species, such as slender oats and ripgut brome.  Much of the arroyo has
native tree species, such as red willow and California walnut, and introduced
species, such as black locust and almond.

Land use in the surrounding area includes agriculture (primarily livestock grazing)
and rural residential to the east and south; viticulture and low-density residential to
the south and southwest; low- and medium-density residential, light industrial,
professional business park, neighborhood and freeway commercial, open
space/park, and public use (schools, city services, etc.) (Figure A-2).

2.6 Ecological Resources

We reviewed several sources to determine plant and animal species that have been
observed on and surrounding the LLNL and SNL/CA sites (McIntyre, 1977; DOE,
1982; UC, 1986; DOE, 1992; and Woollett, 1995).  A summary of information
contained in these documents is presented below.

2.6.1 Plants

Lists of plant species occurring at the LLNL and SNL/CA sites have been reported in
several documents (McIntyre, 1977; DOE, 1982; UC, 1986; and DOE, 1992).
Approximately 114 species in 52 families of both naturally-occurring and
horticultural plants have been identified.  The dominant vegetation type present in
undisturbed areas is introduced annual grasses.  Dominant plant species include
ripgut brome (Bromus diandrus), slender oats (Avena barbata), star thistle (Centaurea
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solstitialis), Russian thistle (Salsola kali), turkey mullein (Eremocarpus setigeris), alfalfa
(Medicago sativa), sweet fennel (Foeniculum vulgare), California sagebrush (Artemisia
california), and Italian ryegrass (Lolium multiflorum) (DOE, 1992).  A complete list of
plant species reported for the LLNL Main Site can be found in the 1986 draft
Environmental Impact Report (UC, 1986).

2.6.2 Wildlife

Lists of wildlife species occurring at the LLNL and SNL/CA sites have also been
reported in several documents (McIntyre, 1977; DOE, 1982; UC, 1986; and DOE,
1992).  In 1992, a total of 10 species of mammals, 31 species of birds, 1 species of
amphibian, and 2 species of reptiles were observed during surveys of the LLNL and
SNL/CA sites (DOE, 1992).  Earlier reports (McIntyre, 1977; DOE, 1982; and UC,
1986) list additional mammal, bird, amphibian, and reptile species as occurring on
the site, but it is unclear  whether these lists represent actual observations of the
species onsite or a combination of observations and additional species potentially
occurring on the sites.

Observations of additional species have recently been well documented (Woollett,
1995).  A total of 24 bird species not included on previous lists and 11 birds not seen
in the 1991 surveys have been observed in 1994–1995.  One amphibian species not
previously included on species lists, the California tiger salamander, was also
observed in 1994.  These additional observations were made during project-specific
surveys, or coincidentally with other projects, by a qualified wildlife biologist.

A pair of gray foxes are resident on the LLNL Main Site and have successfully raised
a litter of pups in 1995.  These foxes are apparently using the crawl space under office
trailers for denning, and forage in the landscaped and natural areas within the LLNL
Main Site.  The storm water retention basin is filled with water year-round and
provides resting and foraging habitat for a variety of migrant waterfowl.  The north
and west buffer zones also provide excellent foraging habitat for a variety of species,
including northern loggerhead shrikes, sharp-shinned hawks, American kestrels, and
burrowing owls.

2.7 Sensitive Ecological Resources

We considered sensitive ecological resources to include species listed as threatened,
endangered, or candidates for threatened or endangered status pursuant to the
federal Endangered Species Act, species considered threatened or endangered
pursuant to the California Endangered Species Act, species considered by the
California Department of Fish and Game to be species of special concern and fully
protected species, and wetland and riparian habitat.  Figure A-1 shows the known
locations of sensitive resources at and surrounding the LLNL and SNL/CA sites.
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2.7.1 Threatened, Endangered, and Other Protected Species

No species listed as threatened or endangered pursuant to the California or Federal
Endangered Species Act are known to occur at the LLNL and SNL/CA sites, but the
area is considered potential habitat for the San Joaquin kit fox (federal endangered,
state threatened).  Based on the lack of evidence that any threatened or endangered
species occurred at the LLNL Main Site, the U.S. Fish and Wildlife Service
determined that continuing operations at LLNL would not adversely affect listed
species (U.S Department of the Interior, 1992).  In 1994, the California red-legged
frog, which is a State Species of Special Concern and is currently proposed for listing
as a federal endangered species was observed approximately 1.5 miles
(2.4 kilometers) east-northeast of Area 514 and Area 612 (Figure A-1).  In addition,
nine species observed at the LLNL and SNL/CA sites between 1991 and 1995 may be
considered sensitive species.  Two are listed as “fully protected birds” (California
Fish and Game Code 3511), and seven are listed as federal candidate species or State
Species of Special Concern.

Two sensitive species of birds have been observed nesting on the LLNL Main Site.  A
pair of burrowing owls have been observed in a relatively undisturbed area along the
northern boundary of the LLNL Main Site, known as the north buffer zone
approximately 1 mile (1.6 kilometers) north of Area 514 and Area 612 (Figure A-1).
A pair of white-tailed kites have nested in the east-central portion of the LLNL Main
Site less than 0.5 mile (0.8 kilometers) from Area 514 and Area 612 (Figure A-1) and
have successfully fledged young in 1994 and 1995.

2.7.2 Wetlands, Seasonal Streams, and Riparian Habitat

Wetlands at the LLNL and SNL/CA sites are located along Arroyo Las Positas,
Arroyo Seco, and the water retention basin, and at various small locations generally
associated with chronic water discharges at cooling towers and other facilities.  A
total of 1.8 acres of wetland at five locations were noted in the 1992 EIS/EIR for the
LLNL ( three sites totaled 0.36 acres) and SNL (two other sites had a total of
1.44 acres) Livermore sites (DOE, 1992).  These totals do not include the retention
basin and the other small, facility-associated wetlands.  Remnants of wooded
riparian vegetation occurs at the wetlands along Arroyo Seco.

3.0 Ecological Risk Assessment

3.1 Pathway Analysis

Regarding the potential pathways of exposure to contaminants, we assumed that
potential exposure would result from  ingestion or dermal absorption of material
deposited from airborne emissions.  Airborne transmission of COPCs is the primary
exposure pathway for the human health portion of this risk assessment.  As indicated
in Section 1.5,  the prevailing winds are from the west and southwest, accounting for
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45% of the wind pattern.  The wind also does blow from the northeast, primarily
during the winter storm season.

3.2  Contaminants of Concern

Section III of this report discusses the toxic air contaminants potentially of concern.
We did not consider potential accumulation, bioaccumulation, or bioconcentration of
contaminants.

3.3  Potential Effects to Ecological Resources

Based on available information regarding occurrence and use by wildlife species at
the LLNL and SNL/CA sites, and the surrounding areas, we conclude that
hazardous waste management activities associated with  ongoing operations at
LLNL Main Site and this proposed action do not appear to have significant or
measurable adverse effects on local ecological resources.  The ecological resources of
the LLNL and SNL/CA sites have not been monitored in detail; however,
information gathered over several years indicates that species diversity has not been
negatively affected by site operations.  No significant deterioration of habitats,
species diversity or numbers has been noted in numerous field studies.  In fact, there
are some indications that LLNL operations have improved overall habitat and
species diversity from what existed when the site was occupied by the Livermore
Naval Air Station (McIntyre, 1977).

Sensitive ecological resources that are located within approximately 0.5 - 1.5 miles
(0.8-2.4 kilometers) from Areas 514 and 612 are as follows: nesting white-tailed kites
approximately 0.5 miles (0.8 kilometers) north, burrowing owls about 1 mile
(1.6 kilometer) north, California red-legged frog and California tiger salamander
1 mile (1.6 kilometer) south and 1.5 miles (2.4 kilometers) north-northeast, and the
occurrence of a wide-range of other wildlife and plant species at the LLNL Main Site.
Although these recorded observations cannot alone support a conclusion that the
LLNL Main Site is now used by a greater diversity of species than in the past, these
observations suggest that continuing operations, including HWM  operations, at the
LLNL Main Site, are not negatively affecting sensitive ecological resources or species
diversity.

3.4 Conclusion Concerning Ecological Risk Assessment

Based on available information regarding occurrence of diverse flora and fauna and
the viability of species living at LLNL and the surrounding areas, and use by wildlife
species of the LLNL and SNL/CA sites, and the surrounding areas, we conclude that
LLNL’s hazardous waste management activities associated with ongoing operations
and this proposed action do not appear to have significant or measurable adverse
effects on local ecological resources.  From this qualitative screening assessment,
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further investigation concerning toxic effects of the chemicals of concern, potential
pathways for exposure, potential accumulation or concentration in the environment
and biota, or possible individual-, population-, or ecosystem-level effects is not
warranted at this time.
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Figure A-2. Land use in the area surrounding LLNL and SNL/CA.
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Appendix B.

LLNL Wastewater Discharges to Sanitary Sewer

1.0 Background

Lawrence Livermore National Laboratory’s (LLNL’s) Main Site wastewater is treated by
the publicly-owned Livermore Wastewater Reclamation Plant (LWRP).  LLNL
discharges an average of 1.1 million liters of wastewater each day, representing
approximately one-tenth of the volume treated at the LWRP. This volume includes
wastewater generated by Sandia National Laboratories , California (SNL/CA), which is
discharged to the LLNL collection system. The combined discharge is released at a
single point to the municipal collection system.

Hazardous and radioactive materials, if inadvertently discharged to the sanitary sewer,
could impact LWRP operations and degrade water quality. Programs to control these
materials are mandated in federal and state law, U.S. Department of Energy (DOE)
Orders, and local ordinances. In some cases, these requirements impose specific
engineering standards for discharge control measures, and numerical limits on the
concentrations of pollutants. The wastewater discharge permit issued by the LWRP to
LLNL covers non-radiological pollutants.  DOE Orders and federal regulations (10 Code
of Federal Regulations [CFR] 20) cover radiological pollutants.

2.0 Overview of Discharge Control Programs

LLNL’s discharge control efforts have been designed to protect the public health and
the environment as well as LWRP operations, and comply with the LWRP permit and
DOE Orders. The design of LLNL wastewater control systems and operations has been
based on conservative assumptions and calculations. Control measures begin upstream
and continue all along the sewer pathway to the point of discharge to the LWRP
collection system, and conclude with a sampling and analysis effort at LWRP in
cooperation with that organization.

The discharge control program consists of:

• Administrative and engineering controls.

• Retention tanks analysis program.

• Compliance monitoring

• Continuous monitoring.

These programs are discussed in more detail below.
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2.1 Administrative and Engineering Controls

LLNL administrative measures include written procedures, operating instructions, and
operational plans; internal discharge limits; training of materials handlers and tank
operators; control and tracking of hazardous materials; administrative review of
analyses results; and periodic testing, inspection, and review of facilities and operations.

Engineering controls include isolating specific wastewater operations from sanitary
connections, collecting industrial wastewater from entire facilities for storage in
retention tanks, and operating a wastewater treatment and sewer diversion facility.

2.2 Retention Tank Analysis Program

LLNL’s wastewater retention systems consist of on-ground tanks, underground tanks,
aboveground tanks, piping, pumps, and ancillary equipment for collecting dilute rinse
water and wastewater generated by research activities. These wastewaters can be
hazardous, nonhazardous, radioactive, or mixed (hazardous and radioactive) wastes.
Most systems collect and temporarily store dilute, nonhazardous rinse water from
laboratories, materials fabrication, or research and development operations. The tanks
are used to ensure that discharges to the LLNL sanitary sewer system are within permit
limits and that non-sewerable wastewater is properly stored until appropriate
characterization. After review and approval of sampling analysis, discharges to the
sanitary sewer may occur near the point of waste generation, or the retention tank may
be transported to the treatment and storage facilities at Area 514 or Area 612 for
treatment and/or discharge.

When a retention tank nears capacity, the tank is isolated from the waste stream to
prevent further collection of wastewater. A representative sample is taken and analyzed
to determine whether the contents meet sanitary sewer discharge requirements. The
LWRP permit limitations and categorical pretreatment requirements in federal law for
nonradiological constituent limits are specified in LLNL guidance documents.

Retention tank sampling requirements are based on the types of processes routinely
discharging to the tank, the sampling requirements specific to the list of analytes, and
the procedures required for obtaining representative samples. Nonhazardous waste
tanks and radioactive waste tanks are sampled whenever the tank is full; hazardous
waste and mixed waste tanks are sampled and emptied within 90 days of the time they
begin receiving waste. Samples are sent for analysis to an approved offsite contract
laboratory or the onsite analytical laboratory. All the analytical laboratories use U.S.
Environmental Protection Agency- (EPA-) approved methods and are certified by the
State of California.
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2.3 Compliance Monitoring

A compliance monitoring program has been implemented to evaluate LLNL’s
adherence to regulatory requirements and to provide comparative data for evaluating
the LLNL continuous monitoring system. The terms of the discharge permit granted by
the LWRP define LLNL’s monitoring standards for nonradioactive contaminants. The
wastewater discharge permit issued by the LWRP requires continuous monitoring of
pH, flow, metals, and other water quality parameters.

The radiation monitoring program must demonstrate compliance with the requirements
of 10 CFR 20.2003 and DOE Order 5400.5. Gross alpha and gross beta analysis of daily
flow-proportional composite samples are screening measures for the presence of
radioactivity. The general screening program is supplemented by isotope-specific
analysis.

The compliance sampling locations have been chosen to track the pathway of  waste
streams released from LLNL and SNL/CA, all the way through the LWRP treatment
process. Separate sampling of SNL/CA’s effluent occurs at the point where it enters the
LLNL sewer system (see Figure B-1). Location 163A, on the south edge of the LLNL
site, is the sampling point for SNL/CA effluent. This sampling location allows the
separate characterization of SNL/CA’s wastewater and provides confirmation of
SNL/CA monitoring results. A time-proportional composite sample is collected and
archived daily.

The Sewer Monitoring Station (B196) at the northwest corner of the site (see Figure B-1)
is the location for LLNL compliance monitoring. The flow-proportional composite
samples acquired here are used to characterize the combined LLNL and SNL/CA
discharges. In addition to the main Sewer Monitoring Station (B196), a composite
sampling system located in C196, a shelter to the east of B196; and at the flume located
in the vault to the east of B196. The vault contains the flow monitoring equipment used
to drive the composite sampling systems.

Every day, a composite of LLNL effluent is acquired, as described in Environmental
Monitoring Program (EMP) sampling procedures. Each daily sample is analyzed for
alpha, beta, and tritium activity. Monthly composites of the LLNL daily samples are
analyzed for plutonium and 137Cs. In addition, a weekly composite of LLNL effluent
from the C196 sampling location is also analyzed for tritium and gross alpha and gross
beta activities. The results of this radiation monitoring program are used to assess
compliance with gross radiation and isotope-specific discharge limitations imposed by
10 CFR 20, and with the isotope-specific limitations of DOE Order 5400.5.

A pH meter and circular chart recorder operate continuously to record the pH levels of
LLNL effluent. A weekly composite of LLNL effluent is acquired from the C196
sampling location and analyzed for metals content. In addition, portions of the LLNL
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daily samples from the B196 sampling location are combined and analyzed weekly to
obtain average metals content. Once a month, a 24-hour composite and grab samples of
LLNL effluent from the C196 sampling location and the flume, respectively, are
submitted for analysis of water quality parameters and hazardous chemicals. Quality
assurance procedures for sampling include sample identification systems, cross-
contamination prevention measures, sample preservation and handling practices, and
sample collection and calibration procedures.

The sensitivity of both the radiological and nonradiological analysis exceeds the most
restrictive discharge regulations. The limits of sensitivity for 239Pu and 137Cs are 10–7

and 10–6 of the DOE Order 5400.5 guidelines.

LWRP performs its own sampling at two locations outside LLNL boundaries. Samples
of LWRP effluent are taken at one location to monitor the release of soluble
contaminants to the San Francisco Bay, while the other samples liquid from aerated
digesters to track levels of heavy metals and radionuclides that may concentrate in the
dried sludge.

The daily collected composites of LWRP effluent are combined to create a weekly
sample. These weekly samples are analyzed for alpha, beta, and tritium activity.
Monthly composites of LWRP daily samples are analyzed for plutonium and 137Cs.
Lastly, LWRP’s microbially-activated liquid sludge is analyzed monthly for gross alpha
and beta activity. Quarterly composites are analyzed for plutonium and gamma
activity. LWRP microbially-activated sludge samples are also analyzed monthly for
metals content.

2.4  Continuous Monitoring

LLNL’s discharges of non-domestic wastewater are almost universally batch discharges,
as opposed to the continuous discharges typical of many industrial facilities. Sources at
LLNL are typically individual experimenters who discharge liter quantities of dilute
chemical solutions. The flows from these small discharges rarely last more than a few
seconds or minutes. At facilities possessing retention tanks, these small-quantity
discharges are consolidated in 1,000- to 20,000-liter batches and released to the sanitary
sewer following chemical and radiological analysis.

In the late 1980s, LLNL made a comprehensive upgrade of the infrastructure for
complying with sewer discharge requirements. The monitoring system was completely
redesigned to maximize its sensitivity to the contaminants of the most concern. The
continuous monitoring system takes readings for metals and radioactivity every
5 minutes. If the readings exceed preset alarm levels, an automatic alarm signal notifies
both the LWRP and LLNL emergency dispatchers. It also automatically diverts the
potentially affected sewage into diversion tanks.
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An 800,000-liter sewage diversion and retention facility was constructed at the point of
discharge to the LWRP collection system, and sampling stations were installed at a
number of locations around the LLNL site to localize the source of a contaminant
release. The Sewer Monitoring Station (B196 in Figure B-1) is located at the northwest
corner of the Main Site, where the combined effluent from LLNL and SNL/CA is
discharged to the City of Livermore sewer system. The facility is shared with the
permit-mandated location of the compliance monitoring system. The continuous
monitoring methods that have been implemented focus on those analytes that are either
permit-mandated or considered to be high-risk contaminants.

Should an inadvertent release occur, LLNL would notify LWRP personnel to initiate
mitigating measures (i.e., diversion of the contaminated influent into a holding pond for
special treatment) and provide timely feedback to LLNL personnel so that corrective
action (either further training or modification of wastewater handling procedures) can
be implemented.

3.0 Sewer Diversion Facility

An automatic sewer diversion and retention facility, the Sewer Diversion Facility (SDF),
is located adjacent to station B196 at the northwest corner of the site (Figure  B-1). The
facility consists of a below-grade diversion structure with pumps; 11 completely-
enclosed, on-ground holding tanks; one large, open-top, optional treatment tank; one
small, open-top, chemical feed tank; and two large, concrete secondary containment
structures. In addition, the facility has a paved staging area for vehicles or temporary
tank placement.

The total permanent capacity is approximately 800,000 liters of wastewater, or roughly 6
hours of normal flow during peak operating hours. All tanks are equipped with
provisions for aeration, pH adjustment, tank wash down, liquid chlorination, and odor
control. If a potential release is detected, the facility is automatically activated by the
Sewer Monitoring Station’s alarm.

The SDF control system automatically closes the sanitary sewer main line diversion
valve and opens the wet well diversion valve that diverts the sewage into the wet well
tank. Pumps automatically fill available storage tanks in sequence. When the monitors
signal that the effluent is again below alarm levels, the control system automatically
stops the diversion. The sewage in the storage tanks is automatically aerated to keep the
solids in suspension and to control gas formation from the biological activity, prior to
disposition of the wastewater.
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Appendix C

Tables of Data Supporting Source Term Assessment

Introduction to Tables of Data Supporting Source-Term Assessment

Tables of data are provided in this appendix in support of the source term assessment.
Tables C-1, C-2, C-6, and C-7 list information from records extracted from the
Hazardous Waste Management (HWM) waste tracking database that was used in
developing the historical waste profiles for the Area 514 Facility and the Area 612
Facility.  In these four tables, all organic compounds of interest that are reported to be
constituents of waste sent to the Area 514 Facility for treatment, or in waste transferred
or bulked at the Area 612 Facility in 1992 and 1993 are listed.  Tables C-4, C-5, and C-8
through C-10 contain summarized information from the database in the form of
chemical lists and calculated quantities of the chemical constituents of waste streams.
Tables C-3, C-11, and C-12 are tables that contain specific information that was derived
from the database or from Building 514 files, used in checking the database information
for completeness.  Finally, Table C-13 contains data necessary for calculating emission
rates from waste that is bulked or transferred at the Area 612 Facility, along with the
calculated emission rates.  A comparable table for the Area 514 Facility does not exist
because 100% of the volatile organic constituents and mercury are assumed to be
emitted from this facility.  For additional information on these tables, please refer to
Section III.
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Table C-1.  1992 Waste Disposal Requisitions (WDRs) from HWM database, listing
organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

WDR no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated
Chemical

Concentration
(mg/l)b

Information
Sourcec

514
Treatment

Batchd

H038893 Citric acid 5 81480 HWMDB

H038893 Dicyclohexylamine 5 4860 HWMDB

H038893 Hydrazine 5 5300 HWMDB

H044470 Trichloroethane, 1,1,1 300 0.026 HWMDB

H044471 Trichloroethane, 1,1,1 590 0.026 HWMDB

H044472 Trichloroethane, 1,1,1 590 0.026 HWMDB

H049951 Chloroform 55 HWMDB 92-18

H049951 Chloroform 55 0.0016 Analytical
data

92-18

H067889 Mercury 60 HWMDB

H070186 Trichloroethane, 1,1,1 200 0.026 HWMDB

H071822 Trichloroethane, 1,1,1 300 0.026 HWMDB

H072290 Oil 55 HWMDB

H072290 Tetrachloroethylene 55 2.2 HWMDB

H072290 Toluene 55 0.2 HWMDB

H072290 Trichloroethane, 1,1,1 55 1.3 HWMDB

H072291 Oil 55 HWMDB

H072291 PCBs 55 HWMDB

H072291 Tetrachloroethylene 55 2.2 HWMDB

H072291 Toluene 55 0.2 HWMDB

H072291 Trichloroethane, 1,1,1 55 1.3 HWMDB

H074863 Diesel 400 HWMDB

H077097 ?e 5 HWMDB

H077294 Benzene 600 0.02 Analytical
data

H077294 Dichloroethylene, 1,1 600 0.82 Analytical
data

H077294 Freon 113 600 0.2 Analytical
data

H077294 Tetrachloroethylene 600 1.7 Analytical
data

H077294 Toluene 600 0.1 Analytical
data

H077294 Trichloroethane, 1,1,1 600 14 Analytical
data

H077294 Trichloroethylene 600 1 Analytical
data
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organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

(Cont’d)

WDR no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated
Chemical

Concentration
(mg/l)b

Information
Sourcec

514
Treatment

Batchd
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H077294 VHS 600 HWMDB

H077294 Xylenes 600 0.1 Analytical
data

H077329 Oil 230 10000 HWMDB

H081707 ?e 320 HWMDB

H105455 ?e 1000 HWMDB

H105455 Ethyl alcohol 1000 950000 HWMDB

H105456 ?e 400 HWMDB

H105456 Ethyl alcohol 400 950000 HWMDB

H105462 Ethyl alcohol 565 950000 HWMDB

H106579 ?e 5 HWMDB

H114951 Ethylbenzene 50 2.7 HWMDB

H114951 Tetrachloroethylene 50 0.1 HWMDB

H114951 Toluene 50 0.1 HWMDB

H114951 Trichloroethane, 1,1,1 50 0.2 HWMDB

H114951 Xylenes 50 1.5 HWMDB

H114952 Ethylbenzene 50 1.2 HWMDB

H114952 Tetrachloroethylene 50 1.2 HWMDB

H114952 Trichloroethane, 1,1,1 50 0.4 HWMDB

H114952 Xylenes 50 0.69 HWMDB

R001980 ?e 65 HWMDB

R003271 Fluorocarbons 50 0.15 HWMDB 93-06/08

R003271 Tetrachloroethylene 50 0.04 HWMDB 93-06/08

R003271 Trichloroethane, 1,1,1 50 0.05 HWMDB 93-06/08

R003271 Trichloroethylene 50 0.01 HWMDB 93-06/08

R003272 Fluorocarbons 50 0.15 HWMDB 93-06/08

R003272 Tetrachloroethylene 50 0.04 HWMDB 93-06/08

R003272 Trichloroethane, 1,1,1 50 0.05 HWMDB 93-06/08

R003272 Trichloroethylene 50 0.01 HWMDB 93-06/08

R003291 Methylethylketone 50 6.5 HWMDB 92-20

R003821 ?e 71 HWMDB

R010673 ?e 55 HWMDB 93-06/08

R010674 ?e 55 HWMDB 93-06/08

R010675 ?e 55 HWMDB 93-06/08
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R010699 ?e 55 HWMDB 92-26

R011169 Acetone 5.021 441 HWMDB 93-05

R011192 Methylene chloride 5 1390 HWMDB

R011196 Acetone 5 659 HWMDB 92-41

R011196 Benzene 5 2.75 HWMDB 92-41

R011196 Methyl isobutyl ketone 5 32.8 HWMDB 92-41

R011196 Methylethylketone 5 11.7 HWMDB 92-41

R011196 Oil 5 20000 HWMDB 92-41

R011196 Tetrachloroethylene 5 7.98 HWMDB 92-41

R011196 Toluene 5 3.75 HWMDB 92-41

R011196 Trichloroacetic acid 5 41.4 HWMDB 92-41

R011196 Trichloroethylene 5 16.6 HWMDB 92-41

R011196 Vinyl chloride 5 25.2 HWMDB 92-41

R011196 Xylenes 5 22.2 HWMDB 92-41

R011198 Acetone 5 96.4 Analytical
data

93-05

R011198 Tetrachloroethylene 5 4.84 Analytical
data

93-05

R011198 Trichloroethane, 1,1,1 5 19.6 Analytical
data

93-05

R011198 Xylenes 5 3.83 Analytical
data

93-05

R011199 Acetone 5 147 Analytical
data

R011199 Methylene chloride 5 21.6 Analytical
data

R011199 Oil 5 17000 HWMDB

R011199 Toluene 5 3.04 Analytical
data

R011199 Xylenes 5 4.01 Analytical
data

R011213 Pyridine 5 110 HWMDB 92-20

R011215 Mercury 5 0.009 HWMDB 92-20

R011843 Tetrachloroethylene 5 0.25 HWMDB 92-41

R011843 Trichloroethylene 5 0.25 HWMDB 92-41

R012078 Toluene 300 0.028 Analytical
data

92-11
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R012078 Trichloroethane, 1,1,1 300 0.065 Analytical
data

92-11

R012080 Benzene 5 0.94 HWMDB 93-05

R012080 Mercury 5 500 HWMDB 93-05

R012080 Methylene chloride 5 3.6 HWMDB 93-05

R012080 Toluene 5 3.4 HWMDB 93-05

R012080 Trichloroethane, 1,1,1 5 3 HWMDB 93-05

R012095 Acetone 1 10000 HWMDB

R012095 Isopropyl alcohol 1 50000 HWMDB

R012341 ?e 0.119 HWMDB 92-20

R012358 Chloroform 3 10 HWMDB 93-22/33

R012358 Trichloroethylene 3 10 HWMDB 93-22/33

R012432 Acetonitrile 5 165000 HWMDB

R012432 Methyl alcohol 5 84000 HWMDB

R012432 Methylene chloride 5 140000 HWMDB

R012636 Methylene chloride 5 0.01 Analytical
data

93-05

R012636 Trichlorotrifluoroethane 5 0.15 Analytical
data

93-05

R012640 Methylene chloride 5 1300 HWMDB 93-05

R013621 Acetone 50 10 HWMDB 93-06/08

R013621 Fluorocarbons 50 0.08 HWMDB 93-06/08

R013621 Methylethylketone 50 10 HWMDB 93-06/08

R013621 Oil 50 30000 HWMDB 93-06/08

R013621 Tetrachloroethylene 50 0.04 HWMDB 93-06/08

R013621 Trichloroethane, 1,1,1 50 0.1 HWMDB 93-06/08

R013621 Trichloroethylene 50 0.05 HWMDB 93-06/08

R013622 Acetone 50 210 HWMDB 93-06/08

R013622 Fluorocarbons 50 0.01 HWMDB 93-06/08

R013622 Methylethylketone 50 2 HWMDB 93-06/08

R013622 Oil 50 40000 HWMDB 93-06/08

R013622 Tetrachloroethylene 50 0.01 HWMDB 93-06/08

R013622 Trichloroethane, 1,1,1 50 0.01 HWMDB 93-06/08

R013622 Trichloroethylene 50 0.01 HWMDB 93-06/08

R013638 ?e HWMDB 92-13
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R013641 Chloroform 610 0.006 Analytical
data

92-39/40

R013641 Freon 610 0.34 Analytical
data

92-39/40

R013719 Tetrachloroethylene 50 4.5 Analytical
data

93-06/08

R013719 Trichloroethane, 1,1,1 50 2.6 Analytical
data

93-06/08

R013719 Xylenes 50 4.6 Analytical
data

93-06/08

R013748 Oil 50 50000 HWMDB 92-20

R013748 Tetrachloroethylene 50 38 HWMDB 92-20

R013776 Tetrachloroethylene 50 0.4 HWMDB 93-05

R013776 Trichloroethane, 1,1,1 50 0.3 HWMDB 93-05

R013779 Mercury 4800 0.3 HWMDB 92-28/29

R013781 Trichloroethane, 1,1,1 50 20 HWMDB 93-06/08

R013782 Oil 50 10000 HWMDB 93-05

R013782 Trichloroethane, 1,1,1 50 10 HWMDB 93-05

R013795 Oil 50 60000 HWMDB 93-06/08

R013796 Acetone 280 2 HWMDB 93-05

R013796 Oil 280 30000 HWMDB 93-05

R013796 Tetrachloroethane 280 1.3 HWMDB 93-05

R013796 Trichloroethane, 1,1,1 280 1.3 HWMDB 93-05

R013797 Trichloroethane, 1,1,1 600 2.1 HWMDB 92-30/38

R013804 Tetrachloroethylene 50 30 HWMDB 93-05

R013804 Trichloroethane, 1,1,1 50 5.4 HWMDB 93-05

R013804 Xylenes 50 8.1 HWMDB 93-05

R014695 Tetrachloroethylene 3.964 160 HWMDB

R014846 ?e 5 HWMDB

R015000 Acetone 5 562 Analytical
data

92-41

R015000 Ethylbenzene 5 16.4 Analytical
data

92-41

R015000 Mercury 5 0.7 HWMDB 92-41

R015000 Methyl isobutyl ketone 5 82.4 Analytical
data

92-41

R015000 Oil 5 20000 HWMDB 92-41
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R015000 Trichloroethane, 1,1,1 5 38.1 Analytical
data

92-41

R015000 Trichloroethylene 5 14.8 Analytical
data

92-41

R015000 Xylenes 5 39.8 Analytical
data

92-41

R015006 Fluorocarbons 2.642 0.37 HWMDB 92-41

R015006 Toluene 2.642 0.059 HWMDB 92-41

R015145 ?e 50 HWMDB 93-05

R015289 Methyl alcohol 4 50000 HWMDB 92-41

R015324 Sodium citrate 4.756 10000 HWMDB

R015324 Sodium dodecyl sulfate 4.756 10000 HWMDB

R015324 Trichloroacetic acid 4.756 1000 HWMDB

R015370 Chloroform 5 710 Analytical
data

93-05

R015370 Toluene 5 0.006 Analytical
data

93-05

R015957 Mercury 5 1 HWMDB 93-05

R015998 Methylene chloride 5 1040 HWMDB 92-20

R015998 Toluene 5 19 HWMDB 92-20

R016010 Methyl alcohol 5 66500 HWMDB 92-20

R016010 Methylene chloride 5 17900 HWMDB 92-20

R016099 Mercury 5000 1.9 HWMDB 92-28/29

R016104 Dichloroethylene, 1,1 5 7.1 HWMDB 93-05

R016104 Toluene 5 7.5 HWMDB 93-05

R016104 Trichlorotrifluoroethane 5 34 HWMDB 93-05

R016121 Mercury 5 0.2 HWMDB 93-05

R016121 Oil 5 20000 HWMDB 93-05

R017155 Citric acid 5 766 MSDS 92-41

R017155 Dextran sulfate 5 5000 HWMDB 92-41

R017155 Ethylene oxide 5 1585 MSDS 92-41

R017155 Ficoll 5 1000 HWMDB 92-41

R017155 Formamide 5 121000 HWMDB 92-41

R017155 Hyamine 5 2.11 MSDS 92-41

R017155 Octyl phenol 5 1585 MSDS 92-41

R017155 Polyethylene glycol 5 5000 HWMDB 92-41
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R017155 Polyvinylpyrrolidone 5 1000 HWMDB 92-41

R017155 Sodium citrate 5 10000 HWMDB 92-41

R017155 Sodium dodecyl sulfate 5 1000 HWMDB 92-41

R017155 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 92-41

R017166 Citric acid 5 766 MSDS

R017166 Dextran sulfate 5 5000 HWMDB

R017166 Ethylene oxide 5 1585 MSDS

R017166 Ficoll 5 1000 HWMDB

R017166 Formamide 5 121000 HWMDB

R017166 Hyamine 5 2.11 MSDS

R017166 Octyl phenol 5 1585 MSDS

R017166 Polyethylene glycol 5 5000 HWMDB

R017166 Polyvinylpyrrolidone 5 1000 HWMDB

R017166 Sodium citrate 5 10000 HWMDB

R017166 Sodium dodecyl sulfate 5 1000 HWMDB

R017166 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS

R017361 Tetrachloroethylene 5.285 HWMDB 93-05

R017361 Trichloroethylene 5.285 HWMDB 93-05

R017362 Benzene 5.285 HWMDB

R017362 Toluene 5.285 HWMDB

R017465 Sodium citrate 4.756 10000 HWMDB

R017465 Sodium dodecyl sulfate 4.756 10000 HWMDB

R017644 ?e 0.132 HWMDB 93-05

R018047 Citric acid 5.021 766 MSDS

R018047 Dextran sulfate 5.021 5000 HWMDB

R018047 Ethylene oxide 5.021 1585 MSDS

R018047 Ficoll 5.021 1000 HWMDB

R018047 Hyamine 5.021 2.11 MSDS

R018047 Octyl phenol 5.021 1585 MSDS

R018047 Polyethylene glycol 5.021 5000 HWMDB

R018047 Polyvinylpyrrolidone 5.021 1000 HWMDB

R018047 Sodium citrate 5.021 10000 HWMDB

R018047 Sodium dodecyl sulfate 5.021 1000 HWMDB
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R018047 Tetrasodium ethylenediamine
triacetate

5.021 1506 MSDS

R018312 Mandelic acid 0.19 25000 HWMDB 92-20

R018426 Citric acid 5.021 766 MSDS

R018426 Dextran sulfate 5.021 5000 HWMDB

R018426 Ethylene oxide 5.021 1585 MSDS

R018426 Ficoll 5.021 1000 HWMDB

R018426 Formamide 5.021 121000 HWMDB

R018426 Hyamine 5.021 2.11 MSDS

R018426 Octyl phenol 5.021 1585 MSDS

R018426 Polyethylene glycol 5.021 5000 HWMDB

R018426 Polyvinylpyrrolidone 5.021 1000 HWMDB

R018426 Sodium citrate 5.021 10000 HWMDB

R018426 Sodium dodecyl sulfate 5.021 1000 HWMDB

R018426 Tetrasodium ethylenediamine
triacetate

5.021 1506 MSDS

R018580 Mercury 4.756 0.7 HWMDB 92-20

R018580 Trichloroethane, 1,1,1 4.756 14 HWMDB 92-20

R018635 Citric acid 4.5 17000 MSDS

R018635 Ethylene oxide 4.5 35000 MSDS

R018635 Fluorocarbons 4.5 500000 HWMDB

R018635 Hyamine 4.5 46.75 MSDS

R018635 Kerosene 4.5 180000 HWMDB

R018635 Octyl phenol 4.5 35000 MSDS

R018635 Tetrasodium ethylenediamine
triacetate

4.5 33000 MSDS

R018637 Citric acid 5 17000 MSDS

R018637 Ethylene oxide 5 35000 MSDS

R018637 Fluorocarbons 5 450000 HWMDB

R018637 Hyamine 5 46.75 MSDS

R018637 Kerosene 5 160000 HWMDB

R018637 Octyl phenol 5 35000 MSDS

R018637 Tetrasodium ethylenediamine
triacetate

5 33000 MSDS

R018668 ?e 55 HWMDB 93-06/08

R018744 ?e 750 HWMDB 92-09
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R018745 ?e 1000 HWMDB 92-27

R018746 ?e 625 HWMDB 92-10

R018890 Dichloroethylene, 1,1 5 0.008 Analytical
data

92-41

R018890 Freon 5 0.11 Analytical
data

92-41

R019161 Mercury 5 0.007 HWMDB 93-05

R019162 Mercury 2 0.007 HWMDB 93-05

R020616 Toluene 300 0.004 Analytical
data

92-30/38

R020643 Benzene 600 0.0009 Analytical
data

92-30/38

R020643 Chloroform 600 0.01 Analytical
data

92-30/38

R020643 Ethyl benzene 600 0.008 Analytical
data

92-30/38

R020643 Toluene 600 0.27 Analytical
data

92-30/38

R020643 Trichloroethylene 600 0.021 Analytical
data

92-30/38

R020643 Xylenes 600 0.011 Analytical
data

92-30/38

R020644 Chloroform 300 0.005 Analytical
data

92-30/38

R020644 Toluene 300 0.018 Analytical
data

92-30/38

R020644 Trichloroethylene 300 0.009 Analytical
data

92-30/38

R020644 Xylenes 300 0.029 Analytical
data

92-30/38

R023464 ?e 5.285 HWMDB 92-41

R023605 Acrylamide 4.756 10000 HWMDB 93-05

R023605 Bis-acrylamide 4.756 10000 HWMDB 93-05

R023605 Methyl alcohol 4.756 150000 HWMDB 93-05

R023605 Sodium acetate 4.756 9990 HWMDB 93-05

R023682 Acetone 5 640 HWMDB 93-05

R023898 Chloroform 30 0.0378 Analytical
data

93-06/08
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R023898 Methylene chloride 30 0.0798 Analytical
data

93-06/08

R023898 Oil 30 78 HWMDB 93-06/08

R023992 Chloroform 50 0.005 HWMDB 93-06/08

R023992 Chloroform 50 0.0005 Analytical
data

93-06/08

R023992 Methylene chloride 50 0.002 HWMDB 93-06/08

R023992 Methylene chloride 50 0.002 Analytical
data

93-06/08

R023993 Chloroform 50 HWMDB 93-06/08

R023993 Chloroform 50 0.0099 Analytical
data

93-06/08

R023993 Methylene chloride 50 HWMDB 93-06/08

R023993 Methylene chloride 50 0.008 Analytical
data

93-06/08

R024194 Tetrachloroethylene 1000 2.6 HWMDB 92-41

R024194 Trichloroethane, 1,1,1 1000 15 HWMDB 92-41

R024194 Trichlorotrifluoroethane 1000 7.9 HWMDB 92-41

a  In some cases, a chemical synonym was substituted for the component listed in the database, to establish a
consistent naming convention.

b  The estimated concentration is the maximum concentration reported in the database, converted to units of mg/l.

c  The information sources include the HWM Database (HWMDB), sampling results from the on-site EAS laboratory
(Analytical data), Material Safety Data Sheets (MSDS), and LLNL Waste Profiles (profile nn).

d  Identification of 514 Treatment batch numbers was accomplished by comparing hardcopy requisition numbers
from treatment batch files with database requisition numbers.

e  A "?" indicates that the constituent listed in the database is either listed as PEND, meaning pending chemical
analysis, or that a constituent is a chemical mixture that could not be resolved into identifiable chemical
components with the information available (see Table B.3).
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Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

WDR
no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated
Chemical

Concentration
(mg/l)b

Information
Sourcec

Area
514

Treatment
Batchd

H103540 Acetic acid 5 0 profile 66

H105474 ?e 290 HWMDB

H105474 Ethyl alcohol 290 950000 HWMDB

H105475 ?e 300 HWMDB

H105475 Ethyl alcohol 300 500000 HWMDB

H105501 ?e 600 HWMDB

H105501 Ethyl alcohol 600 850000 HWMDB

H108324 Ethyl alcohol 55 30000 HWMDB

H108912 Oil 300 10000 HWMDB

H112211 ?e 5 HWMDB

H112501 ?e 600 HWMDB

H112501 Ethyl alcohol 600 950000 HWMDB

H112502 Ethyl alcohol 500 950000 HWMDB

H112502 ?e 500 HWMDB

H112509 ?e 50 HWMDB

H112510 ?e 50 HWMDB

H112516 ?e 600 HWMDB

H112517 ?e 300 HWMDB

H112519 ?e 420 HWMDB

H112519 Ethyl alcohol 420 950000 HWMDB

H112520 ?e 240 HWMDB

H112520 Ethyl alcohol 240 70000 HWMDB

H112521 ?e 300 HWMDB

H112521 Ethyl alcohol 300 950000 HWMDB

H112523 ?e 600 HWMDB

H112523 Ethyl alcohol 600 50000 HWMDB

H112524 ?e 330 HWMDB

H112524 Ethyl alcohol 330 50000 HWMDB

H112660 Mercury 600 0.16 HWMDB

H112784 ?e 600 HWMDB

H112988 ?e 50 HWMDB

H114924 Ethyl benzene 150 0.002 HWMDB

H114924 Xylenes 150 0.01 HWMDB

H115292 Mercury 400 0.16 HWMDB
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H116768 Ethyl alcohol 300 800000 HWMDB

H117051 ?e 55 HWMDB

H122584 Benzene 50 .43 HWMDB

H122584 Ethylbenzene 50 2.8 HWMDB

H122584 Tetrachloroethylene 50 0.5 HWMDB

H122584 Toluene 50 26 HWMDB

H122584 Trichloroethane, 1,1,1 50 0.59 HWMDB

H122584 Xylenes 50 70 HWMDB

H122931 Acetone 250 48 HWMDB

H122931 Chloroethane 250 0.023 HWMDB

H122931 Methylethylketone 250 17 HWMDB

H122931 Toluene 250 0.011 HWMDB

H122931 Trichloroethane 250 0.32 HWMDB

H123475 ?e 600 HWMDB

H123514 ?e 600 HWMDB

H123519 Xylenes 600 0.023 HWMDB

H123578 ?e 600 HWMDB

H124207 Ditertiary butylphenol 2,6 35 3000 HWMDB

H128391 Methylene chloride 50 160 HWMDB

H128394 Methylene chloride 50 81 HWMDB

H128532 Petroleum hydrocarbons - refined 5 950000 HWMDB

H131304 ?e 55 HWMDB

R000496 Fluorocarbons 5.021 2130 HWMDB

R000496 PCBs 5.021 0.5 HWMDB

R000496 Tetrachloroethylene 5.021 1492 HWMDB

R000496 Trichloroethane, 1,1,1 5.021 690496 HWMDB

R000496 Trichloroethylene 5.021 252884 HWMDB

R003203 Freon TF 50 450 profile 50 94-03/06

R003203 Methylethylketone 50 5500 profile 50 94-03/06

R003203 Oil 50 80000 profile 50 94-03/06

R003203 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003203 Trichloroethylene 50 10 profile 50 94-03/06

R003206 Freon TF 50 450 profile 50 94-03/06
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R003206 Methylethylketone 50 5500 profile 50 94-03/06

R003206 Oil 50 80000 profile 50 94-03/06

R003206 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003206 Trichloroethylene 50 10 profile 50 94-03/06

R003207 Freon TF 50 450 profile 50 94-03/06

R003207 Methylethylketone 50 5500 profile 50 94-03/06

R003207 Oil 50 80000 profile 50 94-03/06

R003207 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003207 Trichloroethylene 50 10 profile 50 94-03/06

R003211 Freon TF 50 450 profile 50 94-03/06

R003211 Methylethylketone 50 5500 profile 50 94-03/06

R003211 Oil 50 80000 profile 50 94-03/06

R003211 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003211 Trichloroethylene 50 10 profile 50 94-03/06

R003216 Freon TF 50 450 profile 50 94-03/06

R003216 Methylethylketone 50 5500 profile 50 94-03/06

R003216 Oil 50 80000 profile 50 94-03/06

R003216 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003216 Trichloroethylene 50 10 profile 50 94-03/06

R003217 Freon TF 50 450 profile 50 94-03/06

R003217 Methylethylketone 50 5500 profile 50 94-03/06

R003217 Oil 50 80000 profile 50 94-03/06

R003217 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003217 Trichloroethylene 50 10 profile 50 94-03/06

R003219 Freon TF 50 450 profile 50 94-03/06

R003219 Methylethylketone 50 5500 profile 50 94-03/06

R003219 Oil 50 80000 profile 50 94-03/06

R003219 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003219 Trichloroethylene 50 10 profile 50 94-03/06

R003221 Freon TF 50 450 profile 50 94-03/06

R003221 Methylethylketone 50 5500 profile 50 94-03/06

R003221 Oil 50 80000 profile 50 94-03/06

R003221 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003221 Trichloroethylene 50 10 profile 50 94-03/06
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R003222 Freon TF 50 450 profile 50 94-03/06

R003222 Methylethylketone 50 5500 profile 50 94-03/06

R003222 Oil 50 80000 profile 50 94-03/06

R003222 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003222 Trichloroethylene 50 10 profile 50 94-03/06

R003231 Freon TF 50 450 profile 50 94-03/06

R003231 Methylethylketone 50 5500 profile 50 94-03/06

R003231 Oil 50 80000 profile 50 94-03/06

R003231 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003231 Trichloroethylene 50 10 profile 50 94-03/06

R003235 Freon TF 50 450 profile 50 94-03/06

R003235 Methylethylketone 50 5500 profile 50 94-03/06

R003235 Oil 50 80000 profile 50 94-03/06

R003235 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003235 Trichloroethylene 50 10 profile 50 94-03/06

R003236 Freon TF 50 450 profile 50 94-03/06

R003236 Methylethylketone 50 5500 profile 50 94-03/06

R003236 Oil 50 80000 profile 50 94-03/06

R003236 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003236 Trichloroethylene 50 10 profile 50 94-03/06

R003237 Freon TF 50 450 profile 50 94-03/06

R003237 Methylethylketone 50 5500 profile 50 94-03/06

R003237 Oil 50 80000 profile 50 94-03/06

R003237 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003237 Trichloroethylene 50 10 profile 50 94-03/06

R003241 Freon TF 50 450 profile 50 94-03/06

R003241 Methylethylketone 50 5500 profile 50 94-03/06

R003241 Oil 50 80000 profile 50 94-03/06

R003241 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003241 Trichloroethylene 50 10 profile 50 94-03/06

R003242 Freon TF 50 450 profile 50 94-03/06

R003242 Methylethylketone 50 5500 profile 50 94-03/06

R003242 Oil 50 80000 profile 50 94-03/06

R003242 Tetrachloroethylene 50 2000 profile 50 94-03/06
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R003242 Trichloroethylene 50 10 profile 50 94-03/06

R003251 Freon TF 50 450 profile 50 94-03/06

R003251 Methylethylketone 50 5500 profile 50 94-03/06

R003251 Oil 50 80000 profile 50 94-03/06

R003251 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003251 Trichloroethylene 50 10 profile 50 94-03/06

R003254 Freon TF 50 450 profile 50 94-03/06

R003254 Methylethylketone 50 5500 profile 50 94-03/06

R003254 Oil 50 80000 profile 50 94-03/06

R003254 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003254 Trichloroethylene 50 10 profile 50 94-03/06

R003255 Freon TF 50 450 profile 50 94-03/06

R003255 Methylethylketone 50 5500 profile 50 94-03/06

R003255 Oil 50 80000 profile 50 94-03/06

R003255 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003255 Trichloroethylene 50 10 profile 50 94-03/06

R003260 Freon TF 50 450 profile 50 94-03/06

R003260 Methylethylketone 50 5500 profile 50 94-03/06

R003260 Oil 50 80000 profile 50 94-03/06

R003260 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003260 Trichloroethylene 50 10 profile 50 94-03/06

R003261 Freon TF 50 450 profile 50 94-03/06

R003261 Methylethylketone 50 5500 profile 50 94-03/06

R003261 Oil 50 80000 profile 50 94-03/06

R003261 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003261 Trichloroethylene 50 10 profile 50 94-03/06

R003267 Fluorocarbons 50 0.15 HWMDB 93-22/33

R003267 Tetrachloroethylene 50 0.04 HWMDB 93-22/33

R003267 Trichloroethane, 1,1,1 50 0.05 HWMDB 93-22/33

R003267 Trichloroethylene 50 0.01 HWMDB 93-22/33

R003270 Fluorocarbons 50 0.15 HWMDB 93-34/50

R003270 Tetrachloroethylene 50 0.04 HWMDB 93-34/50

R003270 Trichloroethane, 1,1,1 50 0.05 HWMDB 93-34/50

R003270 Trichloroethylene 50 0.01 HWMDB 93-34/50
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R003274 Freon TF 50 450 profile 50 94-03/06

R003274 Methylethylketone 50 5500 profile 50 94-03/06

R003274 Oil 50 80000 profile 50 94-03/06

R003274 Tetrachloroethylene 50 2000 profile 50 94-03/06

R003274 Trichloroethylene 50 10 profile 50 94-03/06

R003285 Fluorocarbons 50 7.75 HWMDB 93-34/50

R003285 Methylethylketone 50 6.5 HWMDB 93-34/50

R003285 Oil 50 60000 HWMDB 93-34/50

R003285 Tetrachloroethylene 50 0.5 HWMDB 93-34/50

R003285 Trichloroethane, 1,1,1 50 17.3 HWMDB 93-34/50

R003285 Trichloroethylene 50 1.15 HWMDB 93-34/50

R003286 Fluorocarbons 50 7 HWMDB 93-34/50

R003286 Methylethylketone 50 6.5 HWMDB 93-34/50

R003286 Oil 50 10000 HWMDB 93-34/50

R003286 Tetrachloroethylene 50 240 HWMDB 93-34/50

R003286 Trichloroethane, 1,1,1 50 215 HWMDB 93-34/50

R003286 Trichloroethylene 50 0.5 HWMDB 93-34/50

R003287 Fluorocarbons 50 7.5 HWMDB 93-22/33

R003287 Methylethylketone 50 6.5 HWMDB 93-22/33

R003287 Oil 50 10000 HWMDB 93-22/33

R003287 Tetrachloroethylene 50 2 HWMDB 93-22/33

R003287 Trichloroethane, 1,1,1 50 13.5 HWMDB 93-22/33

R003287 Trichloroethylene 50 6 HWMDB 93-22/33

R003292 Fluorocarbons 50 6.55 HWMDB 93-34/50

R003292 Methylethylketone 50 6.5 HWMDB 93-34/50

R003292 Tetrachloroethylene 50 1.9 HWMDB 93-34/50

R003292 Trichloroethane, 1,1,1 50 19.5 HWMDB 93-34/50

R003292 Trichloroethylene 50 3.8 HWMDB 93-34/50

R003293 Fluorocarbons 50 7.45 HWMDB 93-34/50

R003293 Methylethylketone 50 6.5 HWMDB 93-34/50

R003293 Oil 50 10000 HWMDB 93-34/50

R003293 Tetrachloroethylene 50 1.8 HWMDB 93-34/50

R003293 Trichloroethane, 1,1,1 50 23.7 HWMDB 93-34/50

R003293 Trichloroethylene 50 3.9 HWMDB 93-34/50
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R003295 Fluorocarbons 50 5.5 HWMDB 94-03/06

R003295 Methylethylketone 50 6.5 HWMDB 94-03/06

R003295 Oil 50 10000 HWMDB 94-03/06

R003295 Tetrachloroethylene 50 75.5 HWMDB 94-03/06

R003295 Trichloroethane, 1,1,1 50 19.5 HWMDB 94-03/06

R003295 Trichloroethylene 50 3 HWMDB 94-03/06

R003296 Fluorocarbons 50 3.8 HWMDB 93-22/33

R003296 Methylethylketone 50 6.5 HWMDB 93-22/33

R003296 Oil 50 1 HWMDB 93-22/33

R003296 Tetrachloroethylene 50 0.35 HWMDB 93-22/33

R003296 Trichloroethane, 1,1,1 50 18.2 HWMDB 93-22/33

R003296 Trichloroethylene 50 3.35 HWMDB 93-22/33

R003297 Fluorocarbons 50 5 HWMDB 94-03/06

R003297 Methylethylketone 50 6.5 HWMDB 94-03/06

R003297 Oil 50 10000 HWMDB 94-03/06

R003297 Tetrachloroethylene 50 26.4 HWMDB 94-03/06

R003297 Trichloroethane, 1,1,1 50 20.9 HWMDB 94-03/06

R003297 Trichloroethylene 50 2.2 HWMDB 94-03/06

R003298 Fluorocarbons 50 5 HWMDB 93-34/50

R003298 Methylethylketone 50 6.5 HWMDB 93-34/50

R003298 Oil 50 10000 HWMDB 93-34/50

R003298 Tetrachloroethylene 50 110 HWMDB 93-34/50

R003298 Trichloroethane, 1,1,1 50 300 HWMDB 93-34/50

R003298 Trichloroethylene 50 35 HWMDB 93-34/50

R004305 ?e 55 HWMDB 93-10/20

R004306 ?e 55 HWMDB 93-10/20

R004307 Citric acid 55 290 MSDS 93-22/33

R004307 Ethylene oxide 55 600 MSDS 93-22/33

R004307 Ficoll 55 1000 HWMDB 93-22/33

R004307 Formamide 55 100000 HWMDB 93-22/33

R004307 Hyamine 55 0.8 MSDS 93-22/33

R004307 Octyl phenol 55 600 MSDS 93-22/33

R004307 Polyvinylpyrrolidone 55 1000 HWMDB 93-22/33

R004307 Sodium citrate 55 10000 HWMDB 93-22/33
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R004307 Sodium dodecyl sulfate 55 1000 HWMDB 93-22/33

R004307 Tetrasodium ethylenediamine
triacetate

55 570 MSDS 93-22/33

R004312 ?e 55 HWMDB 93-10/20

R004313 ?e 55 HWMDB

R007893 Ethyl alcohol 1.401 1030000 HWMDB

R007893 Fluorocarbons 1.401 28000 HWMDB

R007893 Fluorocarbons 1.401 57000 HWMDB

R007893 Methyl alcohol 1.401 22000 HWMDB

R007893 Trichloroethylene 1.401 3600000 HWMDB

R008459 ?e 55 HWMDB 93-10/20

R008741 Hexadecylpyridiumbromide 55 0.01 HWMDB 93-51/60

R008742 Methyl alcohol 55 200000 HWMDB 93-10/20

R008745 EDTA 55 9300 HWMDB 93-25

R008745 Tris(hydroxymethyl)aminomethane 55 0.52 HWMDB 93-25

R009236 Xylenes 5.549 700000 HWMDB

R009506 Fluorocarbons 50 4.5 HWMDB 93-34/50

R009506 Methylethylketone 50 124 HWMDB 93-34/50

R009506 Oil 50 10000 HWMDB 93-34/50

R009506 Tetrachloroethylene 50 5 HWMDB 93-34/50

R009506 Trichloroethane, 1,1,1 50 12.5 HWMDB 93-34/50

R009506 Trichloroethylene 50 5 HWMDB 93-34/50

R009507 Fluorocarbons 50 2 HWMDB 94-03/06

R009507 Methylethylketone 50 6.5 HWMDB 94-03/06

R009507 Oil 50 10000 HWMDB 94-03/06

R009507 Tetrachloroethylene 50 4 HWMDB 94-03/06

R009507 Trichloroethane, 1,1,1 50 7.5 HWMDB 94-03/06

R009507 Trichloroethylene 50 0.01 HWMDB 94-03/06

R009510 Fluorocarbons 50 0.1 HWMDB 93-34/50

R009510 Methylethylketone 50 52.5 HWMDB 93-34/50

R009510 Oil 50 10000 HWMDB 93-34/50

R009510 Tetrachloroethylene 50 0.05 HWMDB 93-34/50

R009510 Trichloroethane, 1,1,1 50 1.1 HWMDB 93-34/50

R009510 Trichloroethylene 50 0.07 HWMDB 93-34/50



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

(Cont’d)

WDR
no. Assigned Chemical Namea
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514
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Part B, Health Risk Assessment C-20 November 1995

R009611 Freon TF 50 450 profile 50 94-03/06

R009611 Methylethylketone 50 5500 profile 50 94-03/06

R009611 Oil 50 80000 profile 50 94-03/06

R009611 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009611 Trichloroethylene 50 10 profile 50 94-03/06

R009623 Freon TF 50 450 profile 50 94-03/06

R009623 Methylethylketone 50 5500 profile 50 94-03/06

R009623 Oil 50 80000 profile 50 94-03/06

R009623 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009623 Trichloroethylene 50 10 profile 50 94-03/06

R009624 Freon TF 50 450 profile 50 94-03/06

R009624 Methylethylketone 50 5500 profile 50 94-03/06

R009624 Oil 50 80000 profile 50 94-03/06

R009624 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009624 Trichloroethylene 50 10 profile 50 94-03/06

R009631 Freon TF 50 450 profile 50 94-03/06

R009631 Methylethylketone 50 5500 profile 50 94-03/06

R009631 Oil 50 80000 profile 50 94-03/06

R009631 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009631 Trichloroethylene 50 10 profile 50 94-03/06

R009632 Freon TF 50 450 profile 50 94-03/06

R009632 Methylethylketone 50 5500 profile 50 94-03/06

R009632 Oil 50 80000 profile 50 94-03/06

R009632 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009632 Trichloroethylene 50 10 profile 50 94-03/06

R009633 Freon TF 50 450 profile 50 94-03/06

R009633 Methylethylketone 50 5500 profile 50 94-03/06

R009633 Oil 50 80000 profile 50 94-03/06

R009633 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009633 Trichloroethylene 50 10 profile 50 94-03/06

R009634 Freon TF 50 450 profile 50 94-03/06

R009634 Methylethylketone 50 5500 profile 50 94-03/06

R009634 Oil 50 80000 profile 50 94-03/06

R009634 Tetrachloroethylene 50 2000 profile 50 94-03/06
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Part B, Health Risk Assessment C-21 November 1995

R009634 Trichloroethylene 50 10 profile 50 94-03/06

R009636 Freon TF 50 450 profile 50 94-03/06

R009636 Methylethylketone 50 5500 profile 50 94-03/06

R009636 Oil 50 80000 profile 50 94-03/06

R009636 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009636 Trichloroethylene 50 10 profile 50 94-03/06

R009640 Freon TF 50 450 profile 50 94-03/06

R009640 Methylethylketone 50 5500 profile 50 94-03/06

R009640 Oil 50 80000 profile 50 94-03/06

R009640 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009640 Trichloroethylene 50 10 profile 50 94-03/06

R009646 Freon TF 50 450 profile 50 94-03/06

R009646 Methylethylketone 50 5500 profile 50 94-03/06

R009646 Oil 50 80000 profile 50 94-03/06

R009646 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009646 Trichloroethylene 50 10 profile 50 94-03/06

R009656 Freon TF 50 450 profile 50 94-03/06

R009656 Methylethylketone 50 5500 profile 50 94-03/06

R009656 Oil 50 80000 profile 50 94-03/06

R009656 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009656 Trichloroethylene 50 10 profile 50 94-03/06

R009665 Freon TF 50 450 profile 50 94-03/06

R009665 Methylethylketone 50 5500 profile 50 94-03/06

R009665 Oil 50 80000 profile 50 94-03/06

R009665 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009665 Trichloroethylene 50 10 profile 50 94-03/06

R009668 Fluorocarbons 50 450 HWMDB 94-03/06

R009668 Methylethylketone 50 5500 HWMDB 94-03/06

R009668 Oil 50 80000 HWMDB 94-03/06

R009668 Tetrachloroethylene 50 2000 HWMDB 94-03/06

R009668 Trichloroethylene 50 10 HWMDB 94-03/06

R009681 Freon TF 50 450 profile 50 94-03/06

R009681 Methylethylketone 50 5500 profile 50 94-03/06

R009681 Oil 50 80000 profile 50 94-03/06



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
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R009681 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009681 Trichloroethylene 50 10 profile 50 94-03/06

R009683 Freon TF 50 450 profile 50 94-03/06

R009683 Methylethylketone 50 5500 profile 50 94-03/06

R009683 Oil 50 80000 profile 50 94-03/06

R009683 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009683 Trichloroethylene 50 10 profile 50 94-03/06

R009684 Freon TF 50 450 profile 50 94-03/06

R009684 Methylethylketone 50 5500 profile 50 94-03/06

R009684 Oil 50 80000 profile 50 94-03/06

R009684 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009684 Trichloroethylene 50 10 profile 50 94-03/06

R009689 Freon TF 50 450 profile 50 94-03/06

R009689 Methylethylketone 50 5500 profile 50 94-03/06

R009689 Oil 50 80000 profile 50 94-03/06

R009689 Tetrachloroethylene 50 2000 profile 50 94-03/06

R009689 Trichloroethylene 50 10 profile 50 94-03/06

R010351 Mercury 25 0.4 HWMDB 93-34/50

R010354 Mercury 30 120 HWMDB 93-51/60

R010692 ?e 55 HWMDB 94-01

R010955 Chloroform 750 0.001 HWMDB 93-51/60

R010955 Methylene chloride 750 0.036 HWMDB 93-51/60

R010959 Ethylbenzene 300 3.3 HWMDB 93-51/60

R010959 Methylene chloride 300 0.24 HWMDB 93-51/60

R010959 Xylenes 300 4.1 HWMDB 93-51/60

R011201 ?e 1 HWMDB 93-22/33

R011376 ?e 5 HWMDB 93-22/33

R011653 Acetone 5.021 2000 HWMDB

R011653 Bromoform 5.021 600 HWMDB

R011653 Trichloroethylene 5.021 72 HWMDB

R011700 Benzene 50 1 HWMDB 93-22/33

R011700 Chloroform 50 24 HWMDB 93-22/33

R011700 Mercury 50 0.057 HWMDB 93-22/33
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R011700 Toluene 50 4 HWMDB 93-22/33

R011700 Xylenes 50 74 HWMDB 93-22/33

R011746 Oil 50 40000 HWMDB 93-10/20

R011746 Tetrachloroethylene 50 1 Anal. dataf 93-10/20

R011746 Trichloroethylene 50 1.6 Anal. data 93-10/20

R011748 Oil 50 210000 HWMDB 93-22/33

R011749 Oil 50 40000 HWMDB 93-10/20

R011749 Tetrachloroethylene 50 1 Anal. data 93-10/20

R011749 Trichloroethylene 50 1.6 Anal. data 93-10/20

R011849 Trichloroethane, 1,1,1 5 250 HWMDB

R011849 Trichlorotrifluoroethane 5 190 HWMDB

R011858 Benzene 0.132 180000 HWMDB

R011979 Acetic acid 5.549 22500 HWMDB

R011979 EDTA 5.549 95 HWMDB

R011979 Methyl alcohol 5.549 564 HWMDB

R011979 Sodium acetate 5.549 8808 HWMDB

R011979 Tris(hydroxymethyl)aminomethane 5.549 761 HWMDB

R011980 Acetic acid 5.549 70000 HWMDB

R011980 EDTA 5.549 95 HWMDB

R011980 Sodium acetate 5.549 8808 HWMDB

R011980 Tris(hydroxymethyl)aminomethane 5.549 761 HWMDB

R011981 Acetic acid 5 10000 HWMDB

R011981 Sodium dodecyl sulfate 5 10000 HWMDB

R011991 Acetic acid 4.756 70000 HWMDB

R011991 Sodium acetate 4.756 17760 HWMDB

R011991 Tris(hydroxymethyl)aminomethane 4.756 1670 HWMDB

R012085 ?e 0.264 HWMDB

R012104 Mercury 500 0.6 HWMDB 93-34/50

R012105 Mercury 5 0.2 HWMDB

R012105 Methylene chloride 5 0.074 HWMDB

R012123 Trichloroethane, 1,1,1 50 200 HWMDB 93-34/50

R012124 Tetrachloroethylene 50 200 HWMDB 93-34/50

R012124 Trichloroethane, 1,1,1 50 100 HWMDB 93-34/50

R012150 Acetone 5 300 HWMDB
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R012150 Methylene chloride 5 2.7 HWMDB

R012199 Benzene 25 2 HWMDB 93-10/20

R012199 Ethylbenzene 25 2 HWMDB 93-10/20

R012199 Oil 25 10 HWMDB 93-10/20

R012199 Toluene 25 4 HWMDB 93-10/20

R012199 Xylenes 25 8 HWMDB 93-10/20

R012200 Methylene chloride 20 10.1 HWMDB 93-22/33

R012200 Methylethylketone 20 19.3 HWMDB 93-22/33

R012217 Acetone 5 0.11 HWMDB

R012217 Chloroform 5 0.008 HWMDB

R012217 Methylene chloride 5 1.5 HWMDB

R012238 Trichloroethane, 1,1,1 55 9 HWMDB 93-22/33

R012243 Acetone 0.5 50000 HWMDB

R012243 Acetone 1 7900 HWMDB

R012243 Isopropyl alcohol 1 39000 HWMDB

R012243 Toluene 0.5 3000 HWMDB

R012243 Trichloroethylene 0.5 950000 HWMDB

R012246 Dichloroethane, 1,1 4 15 HWMDB

R012246 Dichlorotrifluoroethane 4 10000 HWMDB

R012246 Trichloroethane, 1,1,1 4 4300 HWMDB

R012246 Trichlorotrifluoroethane 4 120000 HWMDB

R012259 Methylene chloride 1000 0.019 Anal. data 93-09

R012272 ?e 0.125 HWMDB

R012376 Toluene 5.285 0.5 HWMDB 93-22/33

R012382 ?e 5 HWMDB 93-51/60

R012386 Aminoimidazoazarene 3 1.32 HWMDB

R012386 Diethylammonium acetate 3 500 HWMDB

R012386 Dioxin 3 0.088 HWMDB

R012386 Methyl alcohol 3 400000 HWMDB

R012386 Trichloroacetic acid 3 440 HWMDB

R012424 Aminoimidazoazarene 5 0.53 HWMDB

R012424 Diethylammonium acetate 5 1000 HWMDB

R012424 Methyl alcohol 5 500000 HWMDB

R012424 Phenol 5 100 HWMDB
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R012425 Acetic acid 5 30000 HWMDB 93-51/60

R012425 Adenosine triphosphate 5 0 HWMDB 93-51/60

R012425 Sodium dodecyl sulfate 5 100000 HWMDB 93-51/60

R012425 Tetrabromophenolsulfonphthalein 5 0.053 HWMDB 93-51/60

R012431 Acetic acid 1.321 0 HWMDB

R012431 Sodium dodecyl sulfate 1.321 10000 HWMDB

R012602 Acetic acid 4.756 70000 HWMDB

R012602 Polyacrylamide 4.756 10000 HWMDB

R012602 Sodium acetate 4.756 22220 HWMDB

R012602 Tris(hydroxymethyl)aminomethane 4.756 2800 HWMDB

R012604 Acetic acid 4.756 70000 HWMDB

R012604 Polyacrylamide 4.756 10000 HWMDB

R012604 Sodium acetate 4.756 19998 HWMDB

R012604 Tris(hydroxymethyl)aminomethane 4.756 2800 HWMDB

R012607 Dextran sulfate 5.285 10000 HWMDB 93-51/60

R012607 Ficoll 5.285 10000 HWMDB 93-51/60

R012607 Polyvinylpyrrolidone 5.285 10000 HWMDB 93-51/60

R012607 Sodium citrate 5.285 10000 HWMDB 93-51/60

R012607 Sodium dodecyl sulfate 5.285 10000 HWMDB 93-51/60

R012620 Toluene 5 0.5 HWMDB 93-34/50

R012651 Chloroform 5 360 HWMDB 93-25

R012651 Methylethylketone 5 740 HWMDB 93-25

R012651 Trichloroethane, 1,1,1 5 740 HWMDB 93-25

R012695 Benzene 5 104 HWMDB 93-25

R012695 Mercury 5 20 HWMDB 93-25

R012695 Methylene chloride 5 24.9 HWMDB 93-25

R012696 Acetone 5 9000 HWMDB 93-25

R012696 Fluorocarbons 5 1300 HWMDB 93-25

R012696 Mercury 5 10 HWMDB 93-25

R012696 Methylene chloride 5 3800 HWMDB 93-25

R012762 ?e 56 HWMDB 93-22/33

R012763 ?e 0.106 HWMDB 93-51/60

R012786 Ficoll 5.232 20000 HWMDB 93-51/60

R012786 Sodium dodecyl sulfate 5.232 1000 HWMDB 93-51/60
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R012821 ?e 2 HWMDB

R012871 ?e 1.691 HWMDB

R012871 Acetonitrile 1.691 12000 HWMDB

R012871 Heptachlor 1.691 2500 HWMDB

R012871 Methyl alcohol 1.691 25000 HWMDB

R012871 Methylene chloride 1.691 16000 HWMDB

R012871 Tetrahydrofuran 1.691 6900 HWMDB

R012882 Methyl alcohol 0.793 300000 HWMDB

R012897 Citric acid 5.285 290 MSDS 93-51/60

R012897 Ethylene oxide 5.285 600 MSDS 93-51/60

R012897 Hyamine 5.285 0.8 MSDS 93-51/60

R012897 Octyl phenol 5.285 600 MSDS 93-51/60

R012897 Tetrasodium ethylenediamine
triacetate

5.285 570 MSDS 93-51/60

R012898 Citric acid 5.285 290 MSDS 93-51/60

R012898 Ethylene oxide 5.285 600 MSDS 93-51/60

R012898 Hyamine 5.285 0.8 MSDS 93-51/60

R012898 Octyl phenol 5.285 600 MSDS 93-51/60

R012898 Sodium citrate 5.285 10000 HWMDB 93-51/60

R012898 Sodium dodecyl sulfate 5.285 10000 HWMDB 93-51/60

R012898 Tetrasodium ethylenediamine
triacetate

5.285 570 MSDS 93-51/60

R012907 Citric acid 5 766 MSDS 93-51/60

R012907 Dextran sulfate 5 5000 HWMDB 93-51/60

R012907 Ethylene oxide 5 1585 MSDS 93-51/60

R012907 Ficoll 5 1000 HWMDB 93-51/60

R012907 Formamide 5 121000 HWMDB 93-51/60

R012907 Hyamine 5 2.11 MSDS 93-51/60

R012907 Octyl phenol 5 1585 MSDS 93-51/60

R012907 Polyethylene glycol 5 5000 HWMDB 93-51/60

R012907 Polyvinylpyrrolidone 5 1000 HWMDB 93-51/60

R012907 Sodium citrate 5 10000 HWMDB 93-51/60

R012907 Sodium dodecyl sulfate 5 1000 HWMDB 93-51/60
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R012907 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 93-51/60

R012945 Ethylbenzene 4 820 HWMDB 93-22/33

R012945 Toluene 4 70 HWMDB 93-22/33

R012945 Trichloroethylene 4 230 HWMDB 93-22/33

R012947 ?e 0.25 HWMDB

R012969 ?e 5 HWMDB 93-51/60

R013180 Mercury 5 170 HWMDB 93-34/50

R013193 Acetone 5 840 HWMDB

R013193 Methylene chloride 5 43 HWMDB

R013198 Benzene 50 0.004 HWMDB 93-34/50

R013198 Dichloroethane, 1,1 50 0.02 HWMDB 93-34/50

R013198 Tetrachloroethylene 50 0.58 HWMDB 93-34/50

R013198 Toluene 50 0.009 HWMDB 93-34/50

R013198 Trichloroethane, 1,1,1 50 0.025 HWMDB 93-34/50

R013198 Xylenes 50 0.014 HWMDB 93-34/50

R013207 Mercury 5 1 HWMDB 94-03/06

R013219 Fluorocarbons 5 200 HWMDB

R013219 Trichlorotrifluoroethane 5 110 HWMDB

R013222 Acetone 4 0.32 HWMDB

R013222 Trichloroethane, 1,1,1 4 0.15 HWMDB

R013224 Acetone 4 1.9 HWMDB 93-51/60

R013224 Chloroethane 4 0.017 HWMDB 93-51/60

R013224 Chloroform 4 0.017 HWMDB 93-51/60

R013224 Tetrachloroethylene 4 0.038 HWMDB 93-51/60

R013225 Chloroform 5 0.038 HWMDB

R013225 Trichloroethane, 1,1,1 5 0.47 HWMDB

R013259 EDTA 0.198 5000 HWMDB 94-01

R013277 Mercury 5 0.09 HWMDB 94-01

R013278 Mercury 5 0.39 HWMDB 94-01

R013326 Mercury 5 5.2 HWMDB 93-25

R013328 Mercury 5 160 HWMDB 93-25

R013329 Mercury 5 4.8 HWMDB 93-25

R013331 Mercury 5 1.9 HWMDB 93-34/50
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R013332 Acetone 3.5 130 HWMDB 93-34/50

R013332 Mercury 3.5 0.83 HWMDB 93-34/50

R013333 Mercury 3.5 0.96 HWMDB 93-51/60

R013337 Acetone 5 200 HWMDB 93-34/50

R013337 Methylene chloride 5 52 HWMDB 93-34/50

R013337 Oil 5 30000 HWMDB 93-34/50

R013337 Tetrachloroethylene 5 20 HWMDB 93-34/50

R013338 ?e 5 HWMDB 93-22/33

R013347 Mercury 5 0.009 HWMDB 93-25

R013358 Mercury 5 0.92 HWMDB 93-25

R013359 Mercury 5 0.066 HWMDB 93-22/33

R013359 Pyridine 5 13000 HWMDB 93-22/33

R013360 Mercury 5 0.032 HWMDB 93-25

R013367 Trichlorotrifluoroethane 5 110 HWMDB 93-22/33

R013420 Trichlorotrifluoroethane 5 52 HWMDB 93-22/33

R013430 Pyridine 5 63 HWMDB 93-25

R013431 Acetone 5 400 Anal. data

R013431 Benzene 5 20 Anal. data

R013431 Carbon tetrachloride 5 1300 Anal. data

R013431 Chloroform 5 20 Anal. data

R013431 Dichloroethane, 1,1 5 7 Anal. data

R013431 Dichloroethylene, 1,1 5 100 Anal. data

R013431 Dichloropropene, Cis-1,3 5 70 Anal. data

R013431 Dichloropropene, Trans-1,2 5 2200 Anal. data

R013431 Ethylbenzene 5 200 Anal. data

R013431 Methylene chloride 5 590 Anal. data

R013431 Methylethylketone 5 200 Anal. data

R013431 Tetrachloroethylene 5 30 Anal. data

R013431 Toluene 5 2100 Anal. data

R013431 Trichloroethane, 1,1,1 5 6200 Anal. data

R013431 Trichloroethylene 5 2000 Anal. data

R013431 Trichlorofluoromethane 5 300 Anal. data

R013431 Xylenes 5 390 Anal. data

R013435 Mercury 5 140 HWMDB 93-34/50
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R013436 Mercury 5 400 HWMDB 93-34/50

R013475 Chloroform 5 20 HWMDB

R013475 Tetrachloroethylene 5 62 HWMDB

R013475 Trichloroethane, 1,1,1 5 320 HWMDB

R013502 Fluorocarbons 50 2.5 HWMDB 93-34/50

R013502 Methylethylketone 50 6.5 HWMDB 93-34/50

R013502 Oil 50 10000 HWMDB 93-34/50

R013502 Tetrachloroethylene 50 14 HWMDB 93-34/50

R013502 Trichloroethane, 1,1,1 50 1.5 HWMDB 93-34/50

R013502 Trichloroethylene 50 0.15 HWMDB 93-34/50

R013503 Fluorocarbons 50 7.2 HWMDB 93-22/33

R013503 Methylethylketone 50 6.5 HWMDB 93-22/33

R013503 Oil 50 10000 HWMDB 93-22/33

R013503 Tetrachloroethylene 50 1.3 HWMDB 93-22/33

R013503 Trichloroethane, 1,1,1 50 5.7 HWMDB 93-22/33

R013503 Trichloroethylene 50 2.6 HWMDB 93-22/33

R013506 Fluorocarbons 50 0.396 HWMDB 93-22/33

R013506 Methylethylketone 50 6.5 HWMDB 93-22/33

R013506 Oil 50 10000 HWMDB 93-22/33

R013506 Tetrachloroethylene 50 0.143 HWMDB 93-22/33

R013506 Trichloroethane, 1,1,1 50 18.2 HWMDB 93-22/33

R013506 Trichloroethylene 50 0.01 HWMDB 93-22/33

R013519 Fluorocarbons 50 8.4 HWMDB 94-03/06

R013519 Methylethylketone 50 3 HWMDB 94-03/06

R013519 Oil 50 10000 HWMDB 94-03/06

R013519 Tetrachloroethylene 50 515 HWMDB 94-03/06

R013519 Trichloroethane, 1,1,1 50 10 HWMDB 94-03/06

R013519 Trichloroethylene 50 0.01 HWMDB 94-03/06

R013535 Fluorocarbons 50 0.15 HWMDB 93-22/33

R013535 Methylethylketone 50 3.5 HWMDB 93-22/33

R013535 Oil 50 10000 HWMDB 93-22/33

R013535 Tetrachloroethylene 50 3.5 HWMDB 93-22/33

R013535 Trichloroethane, 1,1,1 50 2.5 HWMDB 93-22/33

R013535 Trichloroethylene 50 0.01 HWMDB 93-22/33
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(Cont’d)

WDR
no. Assigned Chemical Namea

Waste
Quantity

(gal)
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Part B, Health Risk Assessment C-30 November 1995

R013553 Fluorocarbons 50 0.3 HWMDB 93-10/20

R013553 Methylethylketone 50 3.8 HWMDB 93-10/20

R013553 Oil 50 10000 HWMDB 93-10/20

R013553 Tetrachloroethylene 50 2 HWMDB 93-10/20

R013553 Trichloroethane, 1,1,1 50 0.8 HWMDB 93-10/20

R013553 Trichloroethylene 50 0.01 HWMDB 93-10/20

R013559 Fluorocarbons 50 1 HWMDB 93-22/33

R013559 Methylethylketone 50 3.8 HWMDB 93-22/33

R013559 Oil 50 10000 HWMDB 93-22/33

R013559 Tetrachloroethylene 50 0.5 HWMDB 93-22/33

R013559 Trichloroethane, 1,1,1 50 2 HWMDB 93-22/33

R013559 Trichloroethylene 50 1.5 HWMDB 93-22/33

R013586 Fluorocarbons 50 0.3 HWMDB 93-22/33

R013586 Methylethylketone 50 2 HWMDB 93-22/33

R013586 Oil 50 10000 HWMDB 93-22/33

R013586 Tetrachloroethylene 50 5.9 HWMDB 93-22/33

R013586 Trichloroethane, 1,1,1 50 2.2 HWMDB 93-22/33

R013586 Trichloroethylene 50 0.4 HWMDB 93-22/33

R013587 Fluorocarbons 50 0.2 HWMDB 93-10/20

R013587 Methylethylketone 50 1 HWMDB 93-10/20

R013587 Oil 50 10000 HWMDB 93-10/20

R013587 Tetrachloroethylene 50 0.5 HWMDB 93-10/20

R013587 Trichloroethane, 1,1,1 50 7.6 HWMDB 93-10/20

R013587 Trichloroethylene 50 0.2 HWMDB 93-10/20

R013588 Acetone 50 1.3 HWMDB 93-22/33

R013588 Fluorocarbons 50 0.47 HWMDB 93-22/33

R013588 Methylethylketone 50 1 HWMDB 93-22/33

R013588 Oil 50 10000 HWMDB 93-22/33

R013588 Tetrachloroethylene 50 0.2 HWMDB 93-22/33

R013588 Trichloroethane, 1,1,1 50 2.3 HWMDB 93-22/33

R013588 Trichloroethylene 50 0.2 HWMDB 93-22/33

R013589 Fluorocarbons 50 0.2 HWMDB 93-22/33

R013589 Methylethylketone 50 1 HWMDB 93-22/33

R013589 Oil 50 10000 HWMDB 93-22/33



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

(Cont’d)
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no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated
Chemical

Concentration
(mg/l)b

Information
Sourcec

Area
514

Treatment
Batchd

Part B, Health Risk Assessment C-31 November 1995

R013589 Tetrachloroethylene 50 0.2 HWMDB 93-22/33

R013589 Trichloroethane, 1,1,1 50 5.3 HWMDB 93-22/33

R013589 Trichloroethylene 50 0.2 HWMDB 93-22/33

R013590 Fluorocarbons 50 0.08 HWMDB 93-22/33

R013590 Methylethylketone 50 5 HWMDB 93-22/33

R013590 Oil 50 10000 HWMDB 93-22/33

R013590 Tetrachloroethylene 50 0.1 HWMDB 93-22/33

R013590 Trichloroethane, 1,1,1 50 4.1 HWMDB 93-22/33

R013590 Trichloroethylene 50 0.1 HWMDB 93-22/33

R013591 Acetone 50 130 HWMDB 93-22/33

R013591 Fluorocarbons 50 3 HWMDB 93-22/33

R013591 Methylbutylketone 50 2.7 HWMDB 93-22/33

R013591 Methylethylketone 50 36 HWMDB 93-22/33

R013591 Oil 50 10000 HWMDB 93-22/33

R013591 Tetrachloroethylene 50 0.4 HWMDB 93-22/33

R013591 Trichloroethane, 1,1,1 50 1.4 HWMDB 93-22/33

R013591 Trichloroethylene 50 0.4 HWMDB 93-22/33

R013601 Acetone 50 160 HWMDB 94-03/06

R013601 Fluorocarbons 50 0.4 HWMDB 94-03/06

R013601 Methylethylketone 50 2 HWMDB 94-03/06

R013601 Oil 50 10000 HWMDB 94-03/06

R013601 Tetrachloroethylene 50 0.2 HWMDB 94-03/06

R013601 Trichloroethane, 1,1,1 50 4 HWMDB 94-03/06

R013601 Trichloroethylene 50 0.4 HWMDB 94-03/06

R013601 Xylenes 50 1.2 HWMDB 94-03/06

R013603 Dichloroethane, 1,1 50 19.5 HWMDB 94-03/06

R013603 Methylethylketone 50 10 HWMDB 94-03/06

R013603 Oil 50 10000 HWMDB 94-03/06

R013603 Tetrachloroethylene 50 5 HWMDB 94-03/06

R013603 Trichloroethane, 1,1,1 50 1290 HWMDB 94-03/06

R013603 Trichloroethylene 50 5 HWMDB 94-03/06

R013606 Dichloroethane, 1,1 50 2.8 HWMDB 94-03/06

R013606 Dichloroethane, 1,2 50 2.3 HWMDB 94-03/06

R013606 Dichloroethylene, 1,1 50 1.3 HWMDB 94-03/06



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
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R013606 Fluorocarbons 50 2 HWMDB 94-03/06

R013606 Methylethylketone 50 16 HWMDB 94-03/06

R013606 Oil 50 10000 HWMDB 94-03/06

R013606 Tetrachloroethylene 50 11 HWMDB 94-03/06

R013606 Trichloroethane, 1,1,1 50 1400 HWMDB 94-03/06

R013606 Trichloroethane, 1,1,2 50 2.7 HWMDB 94-03/06

R013606 Trichloroethylene 50 0.2 HWMDB 94-03/06

R013611 Oil 50 30000 HWMDB 93-34/50

R013611 Trichloroethylene 50 1470 HWMDB 93-34/50

R013624 Trichloroethylene 50 79 HWMDB 93-22/33

R013631 Fluorocarbons 50 0.58 Anal. data 93-10/20

R013631 Methylene chloride 50 0.17 Anal. data 93-10/20

R013631 Oil 50 10000 HWMDB 93-10/20

R013631 Tetrachloroethylene 50 0.96 Anal. data 93-10/20

R013631 Trichloroethane, 1,1,1 50 14 Anal. data 93-10/20

R013634 Oil 50 280000 HWMDB 93-34/50

R013634 VHS 50 HWMDB 93-34/50

R013650 Oil 50 60000 HWMDB 93-22/33

R013651 Oil 50 290000 HWMDB 93-34/50

R013652 Oil 50 40000 HWMDB 93-34/50

R013652 Tetrachloroethylene 50 0.7 HWMDB 93-34/50

R013652 Trichloroethane, 1,1,1 50 2 HWMDB 93-34/50

R013653 Dichloroethylene, 1,1 50 1.1 Anal. data 93-22/33

R013653 Methylene chloride 50 0.17 Anal. data 93-22/33

R013653 Oil 50 270000 HWMDB 93-22/33

R013653 Tetrachloroethylene 50 4.3 Anal. data 93-22/33

R013653 Trichloroethane, 1,1,1 50 38 Anal. data 93-22/33

R013653 Trichloroethylene 50 0.01 Anal. data 93-22/33

R013654 ?e 55 50000 HWMDB 93-34/50

R013654 ?e 55 950000 HWMDB 93-34/50

R013654 Oil 55 160000 HWMDB 93-34/50

R013654 Tetrachloroethylene 55 0.78 Anal. data 93-34/50

R013654 Trichloroethane, 1,1,1 55 15 Anal. data 93-34/50

R013655 Bromomethane 50 0.1 Anal. data 93-34/50
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R013655 Dichloroethane, 1,1 50 0.13 Anal. data 93-34/50

R013655 Dichloroethane, 1,2 50 1.2 Anal. data 93-34/50

R013655 Dichloroethylene, 1,1 50 34 Anal. data 93-34/50

R013655 Ethylbenzene 50 0.04 Anal. data 93-34/50

R013655 Methylethylketone 50 12 Anal. data 93-34/50

R013655 Oil 50 250000 HWMDB 93-34/50

R013655 Styrene 50 0.09 Anal. data 93-34/50

R013655 Tetrachloroethane 50 0.1 Anal. data 93-34/50

R013655 Toluene 50 0.19 Anal. data 93-34/50

R013655 Trichloroethane, 1,1,1 50 1200 Anal. data 93-34/50

R013655 Trichloroethane, 1,1,2 50 1.5 Anal. data 93-34/50

R013655 Trichloroethylene 50 1.2 Anal. data 93-34/50

R013656 Dichloroethylene, 1,1 50 0.18 Anal. data 93-34/50

R013656 Tetrachloroethane, 1,1,2,2 50 1.1 Anal. data 93-34/50

R013656 Trichloroethane, 1,1,1 50 1.2 Anal. data 93-34/50

R013666 Tetrachloroethylene 50 0.4 HWMDB 93-22/33

R013666 Trichloroethane, 1,1,1 50 0.2 HWMDB 93-22/33

R013667 Tetrachloroethylene 50 2 HWMDB 93-34/50

R013668 Trichloroethane, 1,1,1 50 1.4 Anal. data

R013678 Oil 50 70000 HWMDB 93-22/33

R013678 Tetrachloroethylene 50 240 HWMDB 93-22/33

R013678 Trichloroethylene 50 33 HWMDB 93-22/33

R013679 Chloroform 50 0.075 Anal. data 93-22/33

R013679 Dichloroethane, 1,1 50 0.27 Anal. data 93-22/33

R013679 Dichloroethylene, 1,1 50 0.39 Anal. data 93-22/33

R013679 Methylene chloride 50 1.4 Anal. data 93-22/33

R013679 Tetrachloroethylene 50 0.32 Anal. data 93-22/33

R013679 Trichloroethane, 1,1,1 50 6.3 Anal. data 93-22/33

R013679 Trichlorofluoromethane 50 15 Anal. data 93-22/33

R013679 Trichlorotrifluoroethane 50 2.8 Anal. data 93-22/33

R013680 Methylene chloride 55 0.6 Anal. data 93-22/33

R013680 Trichlorotrifluoroethane 55 2 Anal. data 93-22/33

R013681 Methylene chloride 55 0.6 Anal. data 93-22/33

R013681 Trichlorotrifluoroethane 55 2 Anal. data 93-22/33
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R013682 Methylene chloride 30 0.6 Anal. data 93-22/33

R013682 Trichlorotrifluoroethane 30 2 Anal. data 93-22/33

R013683 Methylene chloride 55 0.6 Anal. data 93-22/33

R013683 Trichlorotrifluoroethane 55 2 Anal. data 93-22/33

R013684 Methylene chloride 55 0.6 Anal. data 93-22/33

R013684 Trichlorotrifluoroethane 55 2 Anal. data 93-22/33

R013685 Oil 55 170000 HWMDB 93-22/33

R013686 Carbon tetrachloride 50 0.1 Anal. data 93-22/33

R013686 Chloroform 50 11 Anal. data 93-22/33

R013686 Methylene chloride 50 2.3 Anal. data 93-22/33

R013686 Oil 50 230000 HWMDB 93-22/33

R013686 Tetrachloroethylene 50 1.7 Anal. data 93-22/33

R013686 Trichloroethane, 1,1,1 50 7.6 Anal. data 93-22/33

R013686 Trichloroethylene 50 0.2 Anal. data 93-22/33

R013686 Trichlorotrifluoroethane 50 0.4 Anal. data 93-22/33

R013687 Carbon tetrachloride 50 0.35 Anal. data 93-22/33

R013687 Dichlorobenzene, 1,4 50 0.65 Anal. data 93-22/33

R013687 Dichloroethane, 1,1 50 2.9 Anal. data 93-22/33

R013687 Dichloroethane, 1,2 50 0.13 Anal. data 93-22/33

R013687 Dichloroethylene, 1,1 50 0.5 Anal. data 93-22/33

R013687 Oil 50 110000 HWMDB 93-22/33

R013687 Tetrachloroethylene 50 2.7 Anal. data 93-22/33

R013687 Trichloroethane, 1,1,1 50 50 Anal. data 93-22/33

R013687 Trichlorotrifluoroethane 50 0.5 Anal. data 93-22/33

R013688 Carbon tetrachloride 50 0.35 Anal. data 93-34/50

R013688 Dichlorobenzene, 1,4 50 0.65 Anal. data 93-34/50

R013688 Dichloroethane, 1,1 50 2.9 Anal. data 93-34/50

R013688 Dichloroethane, 1,2 50 0.13 Anal. data 93-34/50

R013688 Dichloroethylene, 1,1 50 0.5 Anal. data 93-34/50

R013688 Oil 50 110000 HWMDB 93-34/50

R013688 Tetrachloroethylene 50 2.7 Anal. data 93-34/50

R013688 Trichloroethane, 1,1,1 50 50 Anal. data 93-34/50

R013688 Trichlorotrifluoroethane 50 0.5 Anal. data 93-34/50

R013689 Chloroform 50 5.2 Anal. data 93-34/50
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R013689 Dichlorobenzene, 1,4 50 3.4 Anal. data 93-34/50

R013689 Dichloroethane, 1,1 50 0.13 Anal. data 93-34/50

R013689 Methylene chloride 50 1.4 Anal. data 93-34/50

R013689 Oil 50 130000 HWMDB 93-34/50

R013689 Tetrachloroethylene 50 53 Anal. data 93-34/50

R013689 Trichloroethane, 1,1,1 50 35 Anal. data 93-34/50

R013690 Dichloroethane, 1,2 50 0.33 Anal. data 93-22/33

R013690 Methylene chloride 50 0.55 Anal. data 93-22/33

R013690 Oil 50 160000 HWMDB 93-22/33

R013690 Tetrachloroethylene 50 27 Anal. data 93-22/33

R013690 Trichlorotrifluoroethane 50 1.6 Anal. data 93-22/33

R013695 Oil 50 70000 HWMDB 93-34/50

R013695 Tetrachloroethylene 50 170 HWMDB 93-34/50

R013695 Trichloroethane, 1,1,1 50 240 HWMDB 93-34/50

R013698 Dichloroethylene, 1,1 50 10 HWMDB 93-22/33

R013698 Methylene chloride 50 2.4 HWMDB 93-22/33

R013698 Oil 50 20000 HWMDB 93-22/33

R013698 Tetrachloroethylene 50 640 HWMDB 93-22/33

R013698 Trichloroethane, 1,1,1 50 64 HWMDB 93-22/33

R013699 Chloroform 50 20 HWMDB 93-34/50

R013699 Tetrachloroethylene 50 48 HWMDB 93-34/50

R013699 Trichloroethane, 1,1,1 50 740 HWMDB 93-34/50

R013701 Ethylbenzene 50 2.1 HWMDB 93-22/33

R013701 Oil 50 10000 HWMDB 93-22/33

R013701 Tetrachloroethylene 50 670 HWMDB 93-22/33

R013701 Toluene 50 3.6 HWMDB 93-22/33

R013701 Trichloroethane, 1,1,1 50 2100 HWMDB 93-22/33

R013701 Trichloroethane, 1,1,2 50 1 HWMDB 93-22/33

R013701 Trichloroethylene 50 1.6 HWMDB 93-22/33

R013701 Xylenes 50 12 HWMDB 93-22/33

R013704 Acetone 50 130 HWMDB 93-34/50

R013704 Isopropyl alcohol 50 6.5 HWMDB 93-34/50

R013704 Oil 50 10000 HWMDB 93-34/50

R013704 Tetrachloroethylene 50 2.9 Anal. data 93-34/50
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R013704 Trichloroethane, 1,1,1 50 1.1 Anal. data 93-34/50

R013705 Acetone 50 130 HWMDB 93-10/20

R013705 Isopropyl alcohol 50 6.5 HWMDB 93-10/20

R013705 Oil 50 30000 HWMDB 93-10/20

R013707 Chloroform 50 0.6 Anal. data 93-22/33

R013707 Tetrachloroethylene 50 13 Anal. data 93-22/33

R013707 Trichloroethane, 1,1,1 50 1 Anal. data 93-22/33

R013707 Xylenes 50 14 Anal. data 93-22/33

R013715 Acetone 5 500000 HWMDB

R013715 Isopropyl alcohol 5 500000 HWMDB

R013718 Ethylbenzene 50 0.69 Anal. data 93-22/33

R013718 Methylene chloride 50 0.1 Anal. data 93-22/33

R013718 Tetrachloroethylene 50 0.4 Anal. data 93-22/33

R013718 Trichloroethane, 1,1,1 50 1.4 Anal. data 93-22/33

R013718 Xylenes 50 4.6 Anal. data 93-22/33

R013720 Ethylbenzene 50 0.65 Anal. data 93-22/33

R013720 Tetrachloroethylene 50 6.8 Anal. data 93-22/33

R013720 Trichloroethane, 1,1,1 50 1.4 Anal. data 93-22/33

R013720 Xylenes 50 4.1 Anal. data 93-22/33

R013722 Chloroform 50 0.49 Anal. data 93-22/33

R013722 Dichloroethylene, 1,1 50 0.8 Anal. data 93-22/33

R013722 Ethylbenzene 50 1.8 Anal. data 93-22/33

R013722 Methylene chloride 50 2.4 Anal. data 93-22/33

R013722 Tetrachloroethylene 50 1.6 Anal. data 93-22/33

R013722 Trichloroethane, 1,1,1 50 2.1 Anal. data 93-22/33

R013722 Trichlorofluoromethane 50 2.6 Anal. data 93-22/33

R013722 Trichlorotrifluoroethane 50 1.2 Anal. data 93-22/33

R013722 Xylenes 50 9.3 Anal. data 93-22/33

R013724 Methylene chloride 50 2 Anal. data 93-22/33

R013724 Tetrachloroethylene 50 75 Anal. data 93-22/33

R013725 Chloroform 50 0.1 Anal. data 93-34/50

R013725 Ethylbenzene 50 0.82 Anal. data 93-34/50

R013725 Methylene chloride 50 0.2 Anal. data 93-34/50

R013725 Tetrachloroethylene 50 3.9 Anal. data 93-34/50
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R013725 Toluene 50 0.97 Anal. data 93-34/50

R013725 Trichloroethane, 1,1,1 50 0.2 Anal. data 93-34/50

R013725 Trichlorofluoromethane 50 0.2 Anal. data 93-34/50

R013725 Xylenes 50 3.5 Anal. data 93-34/50

R013726 Methylene chloride 50 0.1 Anal. data 93-34/50

R013726 Tetrachloroethylene 50 2.8 Anal. data 93-34/50

R013726 Trichloroethane, 1,1,1 50 0.1 Anal. data 93-34/50

R013726 Xylenes 50 3.1 Anal. data 93-34/50

R013727 Dichloroethylene, 1,1 50 1.1 Anal. data 93-22/33

R013727 Ethylbenzene 50 0.24 Anal. data 93-22/33

R013727 Tetrachloroethylene 50 9.2 Anal. data 93-22/33

R013727 Trichlorotrifluoroethane 50 21 Anal. data 93-22/33

R013727 Xylenes 50 0.2 Anal. data 93-22/33

R013728 Oil 50 20000 HWMDB 93-22/33

R013728 Tetrachloroethylene 50 210 HWMDB 93-22/33

R013728 Trichloroethane, 1,1,1 50 20 HWMDB 93-22/33

R013735 Benzene 50 2.5 Anal. data 93-34/50

R013735 Ethylbenzene 50 3.4 Anal. data 93-34/50

R013735 Tetrachloroethylene 50 68 Anal. data 93-34/50

R013735 Toluene 50 2.4 Anal. data 93-34/50

R013735 Xylenes 50 7.3 Anal. data 93-34/50

R013738 Oil 50 10000 HWMDB 93-34/50

R013738 Tetrachloroethylene 50 83 Anal. data 93-34/50

R013738 Trichloroethane, 1,1,1 50 9.3 Anal. data 93-34/50

R013738 Trichlorotrifluoroethane 50 1 Anal. data 93-34/50

R013741 Tetrachloroethylene 50 11 Anal. data 93-22/33

R013741 Trichloroethane, 1,1,1 50 7.6 Anal. data 93-22/33

R013741 Trichlorotrifluoroethane 50 25 HWMDB 93-22/33

R013768 Acetone 50 0.001 Anal. data 93-22/33

R013768 Oil 50 50000 HWMDB 93-22/33

R013768 Tetrachloroethylene 50 0.0046 Anal. data 93-22/33

R013770 Tetrachloroethylene 50 890 HWMDB 93-22/33

R013775 Oil 50 10000 HWMDB 93-22/33

R013786 Oil 50 70000 HWMDB 93-22/33
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R013786 Tetrachloroethylene 50 10.8 HWMDB 93-22/33

R013786 Trichloroethane, 1,1,1 50 0.716 HWMDB 93-22/33

R013805 Ethylbenzene 50 1.1 HWMDB 93-10/20

R013805 Oil 50 10000 HWMDB 93-10/20

R013805 Tetrachloroethylene 50 1.2 HWMDB 93-10/20

R013805 Trichloroethane, 1,1,1 50 0.92 HWMDB 93-10/20

R013805 Xylenes 50 0.71 HWMDB 93-10/20

R013810 Tetrachloroethylene 40 3100 HWMDB 93-34/50

R013810 Xylenes 40 5 HWMDB 93-34/50

R013811 Tetrachloroethylene 40 700 HWMDB 93-34/50

R013811 Toluene 40 6.1 HWMDB 93-34/50

R013811 Trichloroethane, 1,1,1 40 15 HWMDB 93-34/50

R013811 Xylenes 40 1 HWMDB 93-34/50

R013814 Tetrachloroethylene 40 11 HWMDB 93-22/33

R013814 Toluene 40 0.27 HWMDB 93-22/33

R013814 Trichloroethane, 1,1,1 40 1.2 HWMDB 93-22/33

R013814 Xylenes 40 0.2 HWMDB 93-22/33

R013815 Tetrachloroethylene 40 31 HWMDB 93-22/33

R013815 Toluene 40 0.26 HWMDB 93-22/33

R013815 Trichloroethane, 1,1,1 40 3.3 HWMDB 93-22/33

R013815 Xylenes 40 0.1 HWMDB 93-22/33

R013816 Tetrachloroethylene 40 6.1 HWMDB 93-22/33

R013816 Toluene 40 0.23 HWMDB 93-22/33

R013816 Trichloroethane, 1,1,1 40 0.49 HWMDB 93-22/33

R013816 Xylenes 40 0.1 HWMDB 93-22/33

R013818 Tetrachloroethylene 40 14 HWMDB 93-22/33

R013818 Toluene 40 0.22 HWMDB 93-22/33

R013818 Trichloroethane, 1,1,1 40 0.79 HWMDB 93-22/33

R013818 Xylenes 40 0.09 HWMDB 93-22/33

R013839 Oil 50 10000 HWMDB 93-34/50

R013839 Tetrachloroethylene 50 43 HWMDB 93-34/50

R013839 Toluene 50 0.1 HWMDB 93-34/50

R013839 Trichloroethane, 1,1,1 50 0.89 HWMDB 93-34/50

R013840 Tetrachloroethylene 50 94 HWMDB 93-34/50
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R013840 Toluene 50 0.7 HWMDB 93-34/50

R013840 Xylenes 50 0.6 HWMDB 93-34/50

R013844 Methylene chloride 50 0.1 HWMDB 93-34/50

R013845 Tetrachloroethylene 30 0.4 HWMDB 93-22/33

R013845 Toluene 30 0.31 HWMDB 93-22/33

R013845 Trichloroethane, 1,1,1 30 0.1 HWMDB 93-22/33

R013845 Xylenes 30 0.84 HWMDB 93-22/33

R013847 Ethylbenzene 50 1.1 HWMDB 93-34/50

R013847 Tetrachloroethylene 50 1.4 HWMDB 93-34/50

R013847 Toluene 50 0.22 HWMDB 93-34/50

R013847 Trichloroethane, 1,1,1 50 0.62 HWMDB 93-34/50

R013847 Trichlorofluoromethane 50 1.3 HWMDB 93-34/50

R013847 Trichlorotrifluoroethane 50 0.3 HWMDB 93-34/50

R013847 Xylenes 50 1.3 HWMDB 93-34/50

R013848 Ethylbenzene 50 0.52 HWMDB 93-22/33

R013848 Tetrachloroethylene 50 0.96 HWMDB 93-22/33

R013848 Toluene 50 0.2 HWMDB 93-22/33

R013848 Xylenes 50 0.59 HWMDB 93-22/33

R013849 Trichloroethane, 1,1,1 50 620 HWMDB 93-22/33

R014274 Fluorocarbons 5 411 HWMDB 93-22/33

R014274 Methylene chloride 5 900 HWMDB 93-22/33

R014274 Trichloroethane, 1,1,1 5 15 HWMDB 93-22/33

R014274 Trichloroethylene 5 0.1 HWMDB 93-22/33

R014274 VHS 5 HWMDB 93-22/33

R014299 ?e 55 HWMDB 93-10/20

R014342 ?e 1 HWMDB 94-03/06

R014888 ?e 0.529 HWMDB

R014902 Chloramine-T 5 1000 HWMDB 93-51/60

R014902 Pyridine 5 100000 HWMDB 93-51/60

R014998 Ethylbenzene 50 0.134 Anal. data 93-22/33

R014998 Tetrachloroethylene 50 1.7 Anal. data 93-22/33

R014998 Trichloroethane, 1,1,1 50 9 Anal. data 93-22/33

R014998 Xylenes 50 0.22 Anal. data 93-22/33
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R015008 Benzene 2 30 Anal. data

R015008 Dichloroethylene, 1,1 2 390 Anal. data

R015008 Hexane 2 800000 HWMDB

R015008 Methylene chloride 2 90 Anal. data

R015008 Tetrachloroethylene 2 810 Anal. data

R015008 Trichloroethane, 1,1,1 2 10000 Anal. data

R015008 Trichloroethylene 2 250 Anal. data

R015008 Trichlorotrifluoroethane 2 200 Anal. data

R015008 Xylenes 2 170 Anal. data

R015016 Oil 5 10000 HWMDB 93-22/33

R015065 Dichloroethylene, 1,1 5 150 HWMDB 93-34/50

R015065 Methylene chloride 5 1800 HWMDB 93-34/50

R015068 Oil 5 750000 HWMDB

R015068 Toluene 5 700 HWMDB

R015068 Trichloroethane, 1,1,1 5 34000 HWMDB

R015068 Trichlorotrifluoroethane 5 5000 HWMDB

R015068 sec-butyl alcohol 5 10000 HWMDB

R015201 Mercury 40 1.2 HWMDB 93-22/33

R015201 Oil 40 400 HWMDB 93-22/33

R015237 ?e 0.264 HWMDB

R015241 ?e 0.145 HWMDB

R015355 Oil 50 120000 HWMDB 93-21

R015355 Tetrachloroethylene 50 9 Anal. data 93-21

R015355 Trichloroethane, 1,1,1 50 3.7 Anal. data 93-21

R015438 Toluene 0.8 0.36 HWMDB

R015438 Trichlorofluoromethane 0.8 0.4 HWMDB

R015438 Xylenes 0.8 0.82 HWMDB

R015476 Fluorocarbons 50 0.5 Anal. data 93-10/20

R015476 Oil 50 60000 HWMDB 93-10/20

R015476 Tetrachloroethylene 50 0.8 Anal. data 93-10/20

R015476 Trichloroethane, 1,1,1 50 0.5 Anal. data 93-10/20

R015476 Xylenes 50 1.6 Anal. data 93-10/20

R015477 Methylene chloride 55 0.1 Anal. data 93-22/33

R015477 Oil 55 270000 HWMDB 93-22/33
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R015477 Tetrachloroethylene 55 1.8 Anal. data 93-22/33

R015477 Trichloroethane, 1,1,1 55 8.6 Anal. data 93-22/33

R015478 Dichloroethane, 1,1 50 0.7 Anal. data 93-22/33

R015478 Oil 50 10000 HWMDB 93-22/33

R015478 Trichlorotrifluoroethane 50 15 Anal. data 93-22/33

R015478 Xylenes 50 1.5 Anal. data 93-22/33

R015479 Chloroform 50 0.4 Anal. data 93-34/50

R015479 Dichloroethane, 1,1 50 0.4 Anal. data 93-34/50

R015479 Methylene chloride 50 4.8 Anal. data 93-34/50

R015479 Oil 50 10000 HWMDB 93-34/50

R015479 Trichloroethylene 50 0.7 Anal. data 93-34/50

R015479 Trichlorotrifluoroethane 50 0.8 Anal. data 93-34/50

R015479 Xylenes 50 1.6 Anal. data 93-34/50

R015480 Chloroform 50 0.4 Anal. data 93-34/50

R015480 Dichloroethane, 1,1 50 0.4 Anal. data 93-34/50

R015480 Methylene chloride 50 4.8 Anal. data 93-34/50

R015480 Oil 50 10000 HWMDB 93-34/50

R015480 Trichloroethylene 50 0.7 Anal. data 93-34/50

R015480 Trichlorotrifluoroethane 50 0.8 Anal. data 93-34/50

R015480 Xylenes 50 1.6 Anal. data 93-34/50

R015481 Chloroform 50 0.4 Anal. data 93-22/33

R015481 Dichloroethane, 1,1 50 17 Anal. data 93-22/33

R015481 Oil 50 10000 HWMDB 93-22/33

R015483 Oil 50 330000 HWMDB 93-22/33

R015483 Trichloroethane, 1,1,1 50 0.3 Anal. data 93-22/33

R015487 Oil 50 30000 HWMDB 93-22/33

R015487 Tetrachloroethylene 50 3.3 Anal. data 93-22/33

R015487 Toluene 50 0.41 Anal. data 93-22/33

R015487 Trichloroethane, 1,1,1 50 0.3 Anal. data 93-22/33

R015536 Mercury 300 0.9 HWMDB 93-25

R015538 Mercury 200 0.37 HWMDB 93-25

R015544 Mercury 50 0.05 HWMDB 93-22/33

R015558 Mercury 5 0.78 HWMDB 94-01

R015995 Methylene chloride 5 100 Anal. data
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R015995 Methylethylketone 5 14 Anal. data

R015995 Toluene 5 0.5 Anal. data

R015995 Trichloroethane, 1,1,1 5 0.2 Anal. data

R016009 Acetone 5 16700 HWMDB

R016009 Methyl alcohol 5 2130 HWMDB

R016009 Methylene chloride 5 149 HWMDB

R016009 Methylethylketone 5 2940 HWMDB

R016009 Oil 5 400000 HWMDB

R016009 Trichloroethane, 1,1,1 5 4350 HWMDB

R016009 Trichloroethane, 1,1,2 5 6400 HWMDB

R016009 Vinyl chloride 5 1410 HWMDB

R016031 Dichloroethylene, 1,1 50 20 Anal. data 93-22/33

R016031 Tetrachloroethylene 50 160 Anal. data 93-22/33

R016031 Trichloroethane, 1,1,1 50 11 Anal. data 93-22/33

R016031 Trichlorotrifluoroethane 50 620 Anal. data 93-22/33

R016052 Trichloroethylene 55 6000 HWMDB 93-34/50

R016056 ?e 3 HWMDB

R016110 ?e 5 HWMDB

R016112 Chloroform 5 110 HWMDB

R016112 Mercury 5 0.5 HWMDB

R016158 Acetone 30 25 HWMDB 94-03/06

R016245 ?e 0.026 HWMDB

R016588 Citric acid 5.285 290 MSDS

R016588 Ethylene oxide 5.285 600 MSDS

R016588 Hyamine 5.285 0.8 MSDS

R016588 Octyl phenol 5.285 600 MSDS

R016588 Tetrasodium ethylenediamine
triacetate

5.285 570 MSDS

R016589 Citric acid 5.285 290 MSDS 93-51/60

R016589 Ethylene oxide 5.285 600 MSDS 93-51/60

R016589 Hyamine 5.285 0.8 MSDS 93-51/60

R016589 Octyl phenol 5.285 600 MSDS 93-51/60

R016589 Tetrasodium ethylenediamine
triacetate

5.285 570 MSDS 93-51/60
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R016592 Citric acid 5.285 290 MSDS

R016592 Ethylene oxide 5.285 600 MSDS

R016592 Hyamine 5.285 0.8 MSDS

R016592 Octyl phenol 5.285 600 MSDS

R016592 Tetrasodium ethylenediamine
triacetate

5.285 570 MSDS

R016611 Citric acid 5 290 MSDS

R016611 Ethyl alcohol 5 10000 HWMDB

R016611 Ethylene oxide 5 600 MSDS

R016611 Hyamine 5 0.8 MSDS

R016611 Octyl phenol 5 600 MSDS

R016611 Sodium citrate 5 10000 HWMDB

R016611 Sodium dodecyl sulfate 5 10000 HWMDB

R016611 Tetrasodium ethylenediamine
triacetate

5 570 MSDS

R016611 Tris(hydroxymethyl)aminomethane 5 10000 HWMDB

R016623 Aminoimidazoazarene 5.021 10000 HWMDB

R016623 Diethylammonium acetate 5.021 10000 HWMDB

R016623 Methyl alcohol 5.021 490000 HWMDB

R016625 Citric acid 5 290 MSDS

R016625 Dextran sulfate 5 5000 HWMDB

R016625 Ethylene oxide 5 600 MSDS

R016625 Ficoll 5 10000 HWMDB

R016625 Hyamine 5 0.8 MSDS

R016625 N-lauroylsarcosine 5 10000 HWMDB

R016625 Octyl phenol 5 600 MSDS

R016625 Polyvinylpyrrolidone 5 10000 HWMDB

R016625 Sodium dodecyl sulfate 5 10000 HWMDB

R016625 Tetrasodium ethylenediamine
triacetate

5 570 MSDS

R016625 Tris(hydroxymethyl)aminomethane 5 10000 HWMDB

R016631 Citric acid 5.074 290 MSDS

R016631 Dextran sulfate 5.074 5000 HWMDB 93-51/60

R016631 Ethylene oxide 5.074 600 MSDS

R016631 Ficoll 5.074 10000 HWMDB 93-51/60
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R016631 Hyamine 5.074 0.8 MSDS

R016631 N-lauroylsarcosine 5.074 10000 HWMDB 93-51/60

R016631 Octyl phenol 5.074 600 MSDS

R016631 Polyvinylpyrrolidone 5.074 10000 HWMDB 93-51/60

R016631 Sodium citrate 5.074 10000 HWMDB 93-51/60

R016631 Sodium dodecyl sulfate 5.074 10000 HWMDB 93-51/60

R016631 Tetrasodium ethylenediamine
triacetate

5.074 570 MSDS

R016631 Tris(hydroxymethyl)aminomethane 5.074 10000 HWMDB 93-51/60

R016632 Citric acid 5.074 290 MSDS 93-51/60

R016632 Dextran sulfate 5.074 5000 HWMDB 93-51/60

R016632 Ethylene oxide 5.074 600 MSDS 93-51/60

R016632 Ficoll 5.074 10000 HWMDB 93-51/60

R016632 Hyamine 5.074 0.8 MSDS 93-51/60

R016632 N-lauroylsarcosine 5.074 10000 HWMDB 93-51/60

R016632 Octyl phenol 5.074 600 MSDS 93-51/60

R016632 Polyvinylpyrrolidone 5.074 10000 HWMDB 93-51/60

R016632 Sodium citrate 5.074 10000 HWMDB 93-51/60

R016632 Sodium dodecyl sulfate 5.074 10000 HWMDB 93-51/60

R016632 Tetrasodium ethylenediamine
triacetate

5.074 570 MSDS 93-51/60

R016632 Tris(hydroxymethyl)aminomethane 5.074 10000 HWMDB 93-51/60

R016633 ?e 5.074 HWMDB 93-51/60

R016633 Citric acid 5.074 290 MSDS 93-51/60

R016633 Dextran sulfate 5.074 5000 HWMDB 93-51/60

R016633 Ethylene oxide 5.074 600 MSDS 93-51/60

R016633 Ficoll 5.074 10000 HWMDB 93-51/60

R016633 Hyamine 5.074 0.8 MSDS 93-51/60

R016633 N-lauroylsarcosine 5.074 10000 HWMDB 93-51/60

R016633 Octyl phenol 5.074 600 MSDS 93-51/60

R016633 Polyvinylpyrrolidone 5.074 10000 HWMDB 93-51/60

R016633 Sodium citrate 5.074 10000 HWMDB 93-51/60

R016633 Sodium dodecyl sulfate 5.074 10000 HWMDB 93-51/60

R016633 Tetrasodium ethylenediamine
triacetate

5.074 570 MSDS 93-51/60
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R016633 Tris(hydroxymethyl)aminomethane 5.074 10000 HWMDB 93-51/60

R016862 Trichloroethylene 50 5 HWMDB 94-03/06

R016884 Tetrachloroethylene 50 500 HWMDB 93-34/50

R016884 Trichloroethane, 1,1,1 50 2700 HWMDB 93-34/50

R016891 Tetrachloroethylene 50 1 HWMDB 93-34/50

R016891 Trichloroethane, 1,1,1 50 0.78 HWMDB 93-34/50

R016891 Xylenes 50 0.1 HWMDB 93-34/50

R016902 Oil 50 165000 HWMDB 93-34/50

R016902 Trichloroethane, 1,1,1 50 0.4 HWMDB 93-34/50

R016903 Tetrachloroethylene 50 0.82 HWMDB 93-34/50

R016903 Trichloroethane, 1,1,1 50 0.2 HWMDB 93-34/50

R016905 Tetrachloroethylene 50 9.6 HWMDB 93-22/33

R016905 Toluene 50 0.08 HWMDB 93-22/33

R016907 Tetrachloroethylene 50 1.1 HWMDB 93-34/50

R016907 Trichloroethane, 1,1,1 50 0.3 HWMDB 93-34/50

R016907 Xylenes 50 0.1 HWMDB 93-34/50

R016908 Tetrachloroethylene 50 4.6 HWMDB 93-22/33

R016908 Toluene 50 0.08 HWMDB 93-22/33

R016908 Trichloroethane, 1,1,1 50 0.3 HWMDB 93-22/33

R016908 Xylenes 50 0.08 HWMDB 93-22/33

R016909 Tetrachloroethylene 50 1 HWMDB 93-22/33

R016909 Toluene 50 0.08 HWMDB 93-22/33

R016909 Trichloroethane, 1,1,1 50 0.66 HWMDB 93-22/33

R016910 Tetrachloroethylene 50 12 HWMDB 93-22/33

R016910 Trichloroethane, 1,1,1 50 0.58 HWMDB 93-22/33

R016910 Trichlorotrifluoroethane 50 0.3 HWMDB 93-22/33

R016910 Xylenes 50 0.07 HWMDB 93-22/33

R016913 Tetrachloroethylene 50 16 HWMDB 93-34/50

R016913 Toluene 50 0.2 HWMDB 93-34/50

R016913 Trichlorofluoromethane 50 0.9 HWMDB 93-34/50

R016913 Trichlorotrifluoroethane 50 0.3 HWMDB 93-34/50

R016915 Ethylbenzene 50 1.2 HWMDB 93-22/33

R016915 Tetrachloroethylene 50 4 HWMDB 93-22/33

R016915 Toluene 50 0.09 HWMDB 93-22/33
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R016915 Xylenes 50 1.6 HWMDB 93-22/33

R016924 Tetrachloroethylene 50 0.88 HWMDB 93-22/33

R016924 Toluene 50 0.2 HWMDB 93-22/33

R016924 Trichloroethane, 1,1,1 50 0.59 HWMDB 93-22/33

R016924 Xylenes 50 0.24 HWMDB 93-22/33

R016925 Xylenes 50 0.26 HWMDB 93-34/50

R016933 Oil 50 32000 HWMDB 93-34/50

R016933 Tetrachloroethylene 50 11000 HWMDB 93-34/50

R016934 Tetrachloroethylene 50 8.4 HWMDB 93-22/33

R016934 Trichloroethane, 1,1,1 50 7.4 HWMDB 93-22/33

R016935 Tetrachloroethylene 50 0.4 HWMDB 93-34/50

R016935 Trichloroethane, 1,1,1 50 0.2 HWMDB 93-34/50

R016935 Xylenes 50 0.37 HWMDB 93-34/50

R016943 Tetrachloroethylene 50 4.5 HWMDB 93-22/33

R016943 Toluene 50 0.2 HWMDB 93-22/33

R016943 Trichloroethane, 1,1,1 50 0.81 HWMDB 93-22/33

R016943 Xylenes 50 0.2 HWMDB 93-22/33

R016947 PCBs 50 0 HWMDB 93-22/33

R016947 Tetrachloroethylene 50 11 HWMDB 93-22/33

R016951 Trichloroethane, 1,1,1 50 0.2 HWMDB 93-34/50

R017208 Sodium dodecyl sulfate 5.021 1000 HWMDB 93-51/60

R017274 Benzene 0.079 800000 HWMDB

R017297 ?e 5.021 HWMDB 93-51/60

R017298 ?e 5.021 HWMDB 93-51/60

R017299 Sodium dodecyl sulfate 5.021 HWMDB 93-51/60

R017301 Sodium dodecyl sulfate 5.021 1000 HWMDB 93-51/60

R017312 Guanidine hydrochloride 1.5 980000 HWMDB

R017312 Methyl alcohol 1.5 20000 HWMDB

R017426 Aminomethylphenylimidazo
pyridine

1.057 0.00025 HWMDB

R017426 Ethyl alcohol 1.057 410000 HWMDB

R017426 Phenol 1.057 270000 HWMDB

R017431 Acetic acid 5 50000 HWMDB 93-34/50

R017431 Methyl alcohol 5 50000 HWMDB 93-34/50
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R017450 ?e 0.002 HWMDB

R017450 ?e 0.011 HWMDB

R017532 Citric acid 5.021 290 MSDS

R017532 Ethylene oxide 5.021 600 MSDS

R017532 Hyamine 5.021 0.8 MSDS

R017532 Methyl alcohol 5.021 170000 HWMDB

R017532 Octyl phenol 5.021 600 MSDS

R017532 Tetrasodium ethylenediamine
triacetate

5.021 570 MSDS

R017646 Trichloroethylene 0.211 800000 HWMDB 93-51/60

R017655 Methyl alcohol 5 500000 HWMDB

R017675 Acetylene 0.185 10000 HWMDB

R017681 ?e 0.079 HWMDB

R017876 Toluene 0.396 0.57 HWMDB

R017876 Xylenes 0.396 1.3 HWMDB

R018548 Citric acid 5 766 MSDS 93-51/60

R018548 Dextran sulfate 5 5000 HWMDB 93-51/60

R018548 Ethylene oxide 5 1585 MSDS 93-51/60

R018548 Ficoll 5 1000 HWMDB 93-51/60

R018548 Hyamine 5 2.11 MSDS 93-51/60

R018548 Octyl phenol 5 1585 MSDS 93-51/60

R018548 Polyethylene glycol 5 5000 HWMDB 93-51/60

R018548 Polyvinylpyrrolidone 5 1000 HWMDB 93-51/60

R018548 Sodium citrate 5 10000 HWMDB 93-51/60

R018548 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 93-51/60

R018549 Citric acid 5 766 MSDS 93-51/60

R018549 Dextran sulfate 5 5000 HWMDB 93-51/60

R018549 Ethylene oxide 5 1585 MSDS 93-51/60

R018549 Ficoll 5 1000 HWMDB 93-51/60

R018549 Formamide 5 121000 HWMDB 93-51/60

R018549 Hyamine 5 2.11 MSDS 93-51/60

R018549 Octyl phenol 5 1585 MSDS 93-51/60

R018549 Polyethylene glycol 5 5000 HWMDB 93-51/60
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R018549 Polyvinylpyrrolidone 5 1000 HWMDB 93-51/60

R018549 Sodium citrate 5 10000 HWMDB 93-51/60

R018549 Sodium dodecyl sulfate 5 1000 HWMDB 93-51/60

R018549 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 93-51/60

R018551 Citric acid 5 766 MSDS 93-51/60

R018551 Dextran sulfate 5 5000 HWMDB 93-51/60

R018551 Ethylene oxide 5 1585 MSDS 93-51/60

R018551 Ficoll 5 1000 HWMDB 93-51/60

R018551 Formamide 5 121000 HWMDB 93-51/60

R018551 Hyamine 5 2.11 MSDS 93-51/60

R018551 Octyl phenol 5 1585 MSDS 93-51/60

R018551 Polyethylene glycol 5 5000 HWMDB 93-51/60

R018551 Polyvinylpyrrolidone 5 1000 HWMDB 93-51/60

R018551 Sodium citrate 5 10000 HWMDB 93-51/60

R018551 Sodium dodecyl sulfate 5 1000 HWMDB 93-51/60

R018551 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 93-51/60

R018552 Citric acid 5 766 MSDS 93-51/60

R018552 Dextran sulfate 5 5000 HWMDB 93-51/60

R018552 Ethylene oxide 5 1585 MSDS 93-51/60

R018552 Ficoll 5 1000 HWMDB 93-51/60

R018552 Formamide 5 121000 HWMDB 93-51/60

R018552 Hyamine 5 2.11 MSDS 93-51/60

R018552 Octyl phenol 5 1585 MSDS 93-51/60

R018552 Polyethylene glycol 5 5000 HWMDB 93-51/60

R018552 Polyvinylpyrrolidone 5 1000 HWMDB 93-51/60

R018552 Sodium citrate 5 10000 HWMDB 93-51/60

R018552 Sodium dodecyl sulfate 5 1000 HWMDB 93-51/60

R018552 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 93-51/60

R018556 Citric acid 5.021 766 MSDS 93-51/60

R018556 Dextran sulfate 5.021 4999 HWMDB 93-51/60

R018556 Ethylene oxide 5.021 1585 MSDS 93-51/60

R018556 Ficoll 5.021 1000 HWMDB 93-51/60
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organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

(Cont’d)

WDR
no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated
Chemical

Concentration
(mg/l)b
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Sourcec

Area
514

Treatment
Batchd

Part B, Health Risk Assessment C-49 November 1995

R018556 Hyamine 5.021 2.11 MSDS 93-51/60

R018556 Octyl phenol 5.021 1585 MSDS 93-51/60

R018556 Polyethylene glycol 5.021 5000 HWMDB 93-51/60

R018556 Polyvinylpyrrolidone 5.021 1000 HWMDB 93-51/60

R018556 Sodium citrate 5.021 10000 HWMDB 93-51/60

R018556 Sodium dodecyl sulfate 5.021 1000 HWMDB 93-51/60

R018556 Tetrasodium ethylenediamine
triacetate

5.021 1506 MSDS 93-51/60

R018558 Citric acid 5.021 766 MSDS 93-51/60

R018558 Dextran sulfate 5.021 5000 HWMDB 93-51/60

R018558 Ethylene oxide 5.021 1585 MSDS 93-51/60

R018558 Ficoll 5.021 1000 HWMDB 93-51/60

R018558 Hyamine 5.021 2.11 MSDS 93-51/60

R018558 Octyl phenol 5.021 1585 MSDS 93-51/60

R018558 Polyethylene glycol 5.021 5000 HWMDB 93-51/60

R018558 Polyvinylpyrrolidone 5.021 1000 HWMDB 93-51/60

R018558 Sodium citrate 5.021 1000 HWMDB 93-51/60

R018558 Sodium dodecyl sulfate 5.021 1000 HWMDB 93-51/60

R018558 Tetrasodium ethylenediamine
triacetate

5.021 1506 MSDS 93-51/60

R018562 Citric acid 5 766 MSDS

R018562 Dextran sulfate 5 5000 HWMDB

R018562 Ethylene oxide 5 1585 MSDS

R018562 Ficoll 5 1000 HWMDB

R018562 Formamide 5 121000 HWMDB

R018562 Hyamine 5 2.11 MSDS

R018562 Octyl phenol 5 1585 MSDS

R018562 Polyethylene glycol 5 5000 HWMDB

R018562 Polyvinylpyrrolidone 5 1000 HWMDB

R018562 Sodium citrate 5 10000 HWMDB

R018562 Sodium dodecyl sulfate 5 1000 HWMDB

R018562 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS

R018667 ?e 55 HWMDB 93-51/60



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

(Cont’d)

WDR
no. Assigned Chemical Namea

Waste
Quantity

(gal)
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Chemical

Concentration
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Area
514

Treatment
Batchd

Part B, Health Risk Assessment C-50 November 1995

R018669 ?e 55 HWMDB 93-10/20

R018704 VHS 50 HWMDB 93-34/50

R018705 Tetrachloroethane, 1,1,2,2 50 11 Anal. data 93-34/50

R018705 Trichloroethane, 1,1,1 50 18 Anal. data 93-34/50

R018706 Methylethylketone 50 6 Anal. data 93-34/50

R018706 Tetrachloroethylene 50 4600 Anal. data 93-34/50

R018706 Trichloroethane, 1,1,1 50 380 Anal. data 93-34/50

R018706 Trichlorotrifluoroethane 50 46 Anal. data 93-34/50

R018708 Dichloroethylene, 1,1 50 0.2 Anal. data 93-22/33

R018708 Methylene chloride 50 0.17 HWMDB 93-22/33

R018708 Tetrachloroethylene 50 0.4 HWMDB 93-22/33

R018708 Trichloroethane, 1,1,1 50 0.2 HWMDB 93-22/33

R018708 VHS 50 HWMDB 93-22/33

R018709 Oil 50 120000 HWMDB 93-22/33

R018709 Tetrachloroethylene 50 100 HWMDB 93-22/33

R018710 Trichloroethane, 1,1,1 50 0.1 HWMDB 93-34/50

R018712 Methylene chloride 50 0.21 Anal. data 93-22/33

R018713 VHS 50 HWMDB 93-34/50

R018714 Methylene chloride 50 0.09 Anal. data 93-22/33

R018714 Tetrachloroethylene 50 0.08 Anal. data 93-22/33

R018714 Trichloroethane, 1,1,1 50 0.08 Anal. data 93-22/33

R018715 Tetrachloroethylene 50 0.29 Anal. data 93-34/50

R018717 Chloroform 50 0.085 Anal. data 93-22/33

R018717 Dichloroethane, 1,1 50 8.6 Anal. data 93-22/33

R018717 Methylene chloride 50 0.63 Anal. data 93-22/33

R018717 Oil 50 120000 HWMDB 93-22/33

R018717 Tetrachloroethylene 50 33 Anal. data 93-22/33

R018717 Trichloroethane, 1,1,1 50 48 Anal. data 93-22/33

R018717 Trichlorotrifluoroethane 50 0.18 Anal. data 93-22/33

R018749 Chloroform 2.378 380 HWMDB

R018749 Oil 2.378 690000 HWMDB

R018749 Toluene 2.378 15000 Anal. data

R018749 Trichloroethane, 1,1,1 2.378 11000 Anal. data

R018749 Trichloroethylene 2.378 90 Anal. data



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

(Cont’d)
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Part B, Health Risk Assessment C-51 November 1995

R018875 Methyl isobutyl ketone 0.04 990000 HWMDB

R019158 ?e 50 HWMDB 93-51/60

R019243 ?e 5 HWMDB

R019718 Mercury 30 0.12 HWMDB 94-03/06

R019760 Acetone 5 1400 HWMDB

R019760 Fluorocarbons 5 470 HWMDB

R019760 Toluene 5 20 HWMDB

R019793 Mercury 5 0.9 HWMDB

R020663 Toluene 600 0.0008 HWMDB 93-10/20

R020664 Toluene 250 0.0008 HWMDB 93-10/20

R020666 Kerosene 0.132 20000 HWMDB 93-51/60

R020705 ?e 2 HWMDB

R020708 ?e 0.003 HWMDB

R020709 Toluene 2 9500 HWMDB

R020752 Citric acid 5.285 290 MSDS 93-51/60

R020752 Ethylene oxide 5.285 600 MSDS 93-51/60

R020752 Hyamine 5.285 0.8 MSDS 93-51/60

R020752 Octyl phenol 5.285 600 MSDS 93-51/60

R020752 Tetrasodium ethylenediamine
triacetate

5.285 570 MSDS 93-51/60

R020957 ?e 0.012 HWMDB 93-22/33

R020983 ?e 0.412 HWMDB

R020993 ?e 0.5 HWMDB 93-51/60

R020998 ?e 0.58 HWMDB

R022187 Acetone 4.228 73 HWMDB

R022187 Methylene chloride 4.228 3.7 HWMDB

R022189 Mercury 4.756 4 HWMDB 93-51/60

R022192 Acetone 4.756 640 HWMDB

R022192 Mercury 4.756 4 HWMDB

R022192 Methylene chloride 4.756 1.2 HWMDB

R022192 Trichloroethane, 1,1,1 4.756 0.9 HWMDB

R022210 ?e 0.092 HWMDB

R022211 ?e 0.079 HWMDB



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

(Cont’d)
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Part B, Health Risk Assessment C-52 November 1995

R022434 Tribenzylamine 0.132 10000 HWMDB

R023404 ?e 0.185 HWMDB 93-34/50

R023432 Oil 55 10000 HWMDB 93-22/33

R023433 Chloroform 55 1 Anal. data 93-22/33

R023433 Tetrachloroethylene 55 0.1 Anal. data 93-22/33

R023433 Toluene 55 0.3 Anal. data 93-22/33

R023433 Trichloroethane, 1,1,1 55 0.3 Anal. data 93-22/33

R023434 Trichloroethylene 55 330 HWMDB 93-22/33

R023435 Trichloroethylene 55 0.6 HWMDB 93-22/33

R023441 Oil 50 370000 HWMDB 93-22/33

R023442 Freon 113 55 1.7 Anal. data 93-34/50

R023442 Tetrachloroethylene 55 13 Anal. data 93-34/50

R023442 Trichloroethane, 1,1,1 55 39 Anal. data 93-34/50

R023444 Acetone 50 9 HWMDB 93-22/33

R023444 Oil 50 70000 HWMDB 93-22/33

R023444 Tetrachloroethane 50 HWMDB 93-22/33

R023444 Trichloroethane, 1,1,1 50 39 HWMDB 93-22/33

R023444 Trichlorotrifluoroethane 50 1.7 HWMDB 93-22/33

R023445 Oil 50 30000 HWMDB 93-22/33

R023445 Tetrachloroethylene 50 4.1 Anal. data 93-22/33

R023445 Trichloroethane, 1,1,1 50 22 Anal. data 93-22/33

R023445 Trichlorotrifluoroethane 50 0.2 Anal. data 93-22/33

R023446 Trichloroethane, 1,1,1 50 2.7 HWMDB 93-22/33

R023447 Trichloroethane, 1,1,1 50 2.7 HWMDB 93-22/33

R023448 Dichloroethane, 1,1 50 1.9 HWMDB 93-22/33

R023448 Trichloroethane, 1,1,1 50 86 HWMDB 93-22/33

R023449 Trichloroethane, 1,1,1 50 64 HWMDB 93-22/33

R023450 Trichloroethane, 1,1,1 50 38 HWMDB 93-22/33

R023458 Tetrachloroethylene 50 2000 HWMDB 93-22/33

R023459 Methylene chloride 50 1450 HWMDB 93-34/50

R023459 Tetrachloroethane 50 1700 HWMDB 93-34/50

R023460 Trichloroethane, 1,1,1 50 14 HWMDB 93-22/33

R023460 Trichlorotrifluoroethane 50 24 HWMDB 93-22/33

R023585 Butyl alcohol 5 100000 HWMDB 93-34/50
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Part B, Health Risk Assessment C-53 November 1995

R023685 Methylene chloride 5 8.6 HWMDB

R023685 Trichloroethylene 5 3.5 HWMDB

R023694 Formamide 3 600000 HWMDB 93-51/60

R023695 ?e 0.264 HWMDB 93-51/60

R023701 ?e 0.264 HWMDB 93-25

R023702 ?e 0.264 HWMDB 93-25

R023704 Acetone 1.5 600 HWMDB

R023704 Methylethylketone 1.5 0.646 HWMDB

R023704 Oil 1.5 600000 HWMDB

R023704 Trichloroethane, 1,1,1 1.5 4600 HWMDB

R023705 Dichloroethane 0.125 7200 HWMDB

R023705 Methylene chloride 0.125 6200 HWMDB

R023705 Oil 0.125 1000000 HWMDB

R023705 Trichloroethylene 0.125 18000 HWMDB

R023709 ?e 0.033 HWMDB

R023713 Acetone 5 10000 HWMDB

R023713 Dichlorodifluoromethane 5 100 HWMDB

R023713 Ethyl ether 5 10000 HWMDB

R023714 ?e 5 HWMDB

R023722 ?e 0.033 HWMDB

R023731 ?e 0.25 HWMDB 93-25

R023734 Formamide 0.132 600000 HWMDB 93-51/60

R023737 Fluorocarbons 0.5 1000 HWMDB

R023746 ?e 0.211 HWMDB 93-51/60

R023751 Fluorocarbons 5 32 Anal. data 93-25

R023751 Methylene chloride 5 HWMDB 93-25

R023751 Methylene chloride 5 0.84 Anal. data 93-25

R023751 Tetrachloroethylene 5 HWMDB 93-25

R023751 Tetrachloroethylene 5 0.4 Anal. data 93-25

R023751 Trichloroethane, 1,1,1 5 HWMDB 93-25

R023751 Trichloroethane, 1,1,1 5 0.83 Anal. data 93-25

R023751 Trichlorotrifluoroethane 5 HWMDB 93-25

R023753 Oil 5 10000 HWMDB



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
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Part B, Health Risk Assessment C-54 November 1995

R023753 Pyridine 5 7800 HWMDB

R023754 Trichloroethane, 1,1,1 5 993 HWMDB 93-22/33

R023762 Chloroform 0.5 0.1 HWMDB

R023762 Ethylbenzene 0.5 1.3 HWMDB

R023762 Methylene chloride 0.5 0.2 HWMDB

R023762 Trichloroethane, 1,1,1 0.5 0.4 HWMDB

R023762 Trichlorotrifluoroethane 0.5 0.2 HWMDB

R023762 Xylenes 0.5 5.4 HWMDB

R023824 Tetrachloroethylene 1 6.2 HWMDB

R023824 Toluene 1 1.4 HWMDB

R023824 Trichloroethane, 1,1,1 1 1.9 HWMDB

R023824 Trichloroethylene 1 0.8 HWMDB

R023824 Xylenes 1 1.6 HWMDB

R023835 Chloroform 5 890000 HWMDB

R023835 Methyl alcohol 5 160000 HWMDB

R023835 Methylene chloride 5 270000 HWMDB

R023846 Isopropyl alcohol 2.5 230000 HWMDB

R023903 Chloroform 50 HWMDB 93-22/33

R023903 Chloroform 50 1.79 Anal. data 93-22/33

R023904 Chloroform 50 1.1 HWMDB 93-22/33

R023905 Chloroform 50 0.157 HWMDB 93-22/33

R023906 Chloroform 50 1820 HWMDB 93-22/33

R024148 Benzene 5 0.3 HWMDB

R024148 Dichloroethane, 1,2 5 0.2 HWMDB

R024148 Ethylbenzene 5 3.7 HWMDB

R024148 Methylene chloride 5 0.3 HWMDB

R024148 Toluene 5 4.8 HWMDB

R024148 Trichloroethane, 1,1,1 5 0.4 HWMDB

R024148 Xylenes 5 1.4 HWMDB

R024149 ?e 3 HWMDB

R024911 ?e 5 HWMDB 93-51/60

R024911 Citric acid 5 766 MSDS 93-51/60

R024911 Dextran sulfate 5 5000 HWMDB 93-51/60

R024911 Ethylene oxide 5 1585 MSDS 93-51/60
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Part B, Health Risk Assessment C-55 November 1995

R024911 Ficoll 5 1000 HWMDB 93-51/60

R024911 Hyamine 5 2.11 MSDS 93-51/60

R024911 Octyl phenol 5 1585 MSDS 93-51/60

R024911 Polyethylene glycol 5 5000 HWMDB 93-51/60

R024911 Polyvinylpyrrolidone 5 1000 HWMDB 93-51/60

R024911 Sodium citrate 5 10000 HWMDB 93-51/60

R024911 Sodium dodecyl sulfate 5 1000 HWMDB 93-51/60

R024911 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 93-51/60

R024915 Citric acid 5 766 MSDS 93-51/60

R024915 Dextran sulfate 5 5000 HWMDB 93-51/60

R024915 Ethylene oxide 5 1585 MSDS 93-51/60

R024915 Ficoll 5 1000 HWMDB 93-51/60

R024915 Formamide 5 121000 HWMDB 93-51/60

R024915 Hyamine 5 2.111 MSDS 93-51/60

R024915 Octyl phenol 5 1585 MSDS 93-51/60

R024915 Polyethylene glycol 5 5000 HWMDB 93-51/60

R024915 Polyvinylpyrrolidone 5 1000 HWMDB 93-51/60

R024915 Sodium citrate 5 10000 HWMDB 93-51/60

R024915 Sodium dodecyl sulfate 5 1000 HWMDB 93-51/60

R024915 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 93-51/60

R024916 Citric acid 5 766 MSDS 93-51/60

R024916 Dextran sulfate 5 5000 HWMDB 93-51/60

R024916 Ethylene oxide 5 1585 MSDS 93-51/60

R024916 Ficoll 5 1000 HWMDB 93-51/60

R024916 Formamide 5 121000 HWMDB 93-51/60

R024916 Hyamine 5 2.11 MSDS 93-51/60

R024916 Octyl phenol 5 1585 MSDS 93-51/60

R024916 Polyethylene glycol 5 5000 HWMDB 93-51/60

R024916 Polyvinylpyrrolidone 5 1000 HWMDB 93-51/60

R024916 Sodium citrate 5 10000 HWMDB 93-51/60

R024916 Sodium dodecyl sulfate 5 1000 HWMDB 93-51/60

R024916 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 93-51/60



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
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Part B, Health Risk Assessment C-56 November 1995

R024918 Citric acid 5 766 MSDS 93-51/60

R024918 Dextran sulfate 5 5000 HWMDB 93-51/60

R024918 Ethylene oxide 5 1585 MSDS 93-51/60

R024918 Ficoll 5 1000 HWMDB 93-51/60

R024918 Formamide 5 121000 HWMDB 93-51/60

R024918 Hyamine 5 2.11 MSDS 93-51/60

R024918 Octyl phenol 5 1585 MSDS 93-51/60

R024918 Polyethylene glycol 5 5000 HWMDB 93-51/60

R024918 Polyvinylpyrrolidone 5 1000 HWMDB 93-51/60

R024918 Sodium citrate 5 10000 HWMDB 93-51/60

R024918 Sodium dodecyl sulfate 5 1000 HWMDB 93-51/60

R024918 Tetrasodium ethylenediamine
triacetate

5 1506 MSDS 93-51/60

R024919 Citric acid 2.642 766 MSDS 93-51/60

R024919 Dextran sulfate 2.642 9500 HWMDB 93-51/60

R024919 Ethylene oxide 2.642 1585 MSDS 93-51/60

R024919 Ficoll 2.642 1900 HWMDB 93-51/60

R024919 Formamide 2.642 121000 HWMDB 93-51/60

R024919 Hyamine 2.642 2.11 MSDS 93-51/60

R024919 Octyl phenol 2.642 1585 MSDS 93-51/60

R024919 Polyethylene glycol 2.642 9500 HWMDB 93-51/60

R024919 Polyvinylpyrrolidone 2.642 1000 HWMDB 93-51/60

R024919 Sodium citrate 2.642 19000 HWMDB 93-51/60

R024919 Sodium dodecyl sulfate 2.642 1000 HWMDB 93-51/60

R024919 Tetrasodium ethylenediamine
triacetate

2.642 1506 MSDS 93-51/60

R025095 ?e 0.055 HWMDB 93-25

R025178 Methylimidazo quinoxaline 0.08 3.3 HWMDB

R026923 Benzene 5 0.06 HWMDB

R026923 Dichlorodifluoromethane 5 0.6 HWMDB

R026923 Dichloroethane, 1,2 5 0.93 HWMDB

R026923 Ethylbenzene 5 0.23 HWMDB

R026923 Toluene 5 5.6 HWMDB

R026923 Trichloroethane, 1,1,1 5 0.79 HWMDB
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Part B, Health Risk Assessment C-57 November 1995

R026923 Xylenes 5 0.83 HWMDB

R027014 Acetone 5.021 310 HWMDB

R027014 Methylene chloride 5.021 80 HWMDB

R027014 Toluene 5.021 160 HWMDB

R027014 Trichloroethane, 1,1,1 5.021 50 HWMDB

R027102 Ethylbenzene 300 3.3 HWMDB 93-51/60

R027102 Methylene chloride 300 0.24 HWMDB 93-51/60

R027102 Xylenes 300 4.1 HWMDB 93-51/60

R027103 Ethylbenzene 300 3.3 HWMDB 93-51/60

R027103 Methylene chloride 300 0.24 HWMDB 93-51/60

R027103 Xylenes 300 4.1 HWMDB 93-51/60

R027104 Ethylbenzene 300 3.3 HWMDB 93-51/60

R027104 Methylene chloride 300 0.24 HWMDB 93-51/60

R027104 Xylenes 300 4.1 HWMDB 93-51/60

R027106 Ethylbenzene 150 3.3 HWMDB 93-51/60

R027106 Methylene chloride 150 0.24 HWMDB 93-51/60

R027106 Xylenes 150 4.1 HWMDB 93-51/60

R027107 Ethylbenzene 300 3.3 HWMDB 93-51/60

R027107 Methylene chloride 300 0.24 HWMDB 93-51/60

R027107 Xylenes 300 4.1 HWMDB 93-51/60

R027194 Acetic acid 5 10000 HWMDB

R027197 Acetic acid 0.132 30000 HWMDB

R027224 Acetic acid 5.285 31000 HWMDB

R027224 EDTA 5.285 840 HWMDB

R027224 Tris(hydroxymethyl)aminomethane 5.285 9700 HWMDB

R027225 Acetic acid 5.285 31000 HWMDB

R027225 EDTA 5.285 840 HWMDB

R027225 Tris(hydroxymethyl)aminomethane 5.285 9700 HWMDB

R027230 Acetic acid 5.285 31000 HWMDB

R027230 EDTA 5.285 840 HWMDB

R027230 Tris(hydroxymethyl)aminomethane 5.285 9700 HWMDB

R027243 Acetic acid 5 10000 HWMDB

R027243 Methyl alcohol 5 10000 HWMDB

R027272 Citric acid 5 870 MSDS

R027272 Ethylene oxide 5 1800 MSDS

R027272 Formamide 5 10000 HWMDB



Table C-2.  1993 Waste Disposal Requisition (WDRs) from HWM database, listing
organic chemicals treated, or bulked for treatment, at the Area 514 Tank Farm.

(Cont’d)

WDR
no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated
Chemical

Concentration
(mg/l)b

Information
Sourcec

Area
514

Treatment
Batchd

Part B, Health Risk Assessment C-58 November 1995

R027272 Hyamine 5 2.4 MSDS

R027272 Octyl phenol 5 1800 MSDS

R027272 Sodium dodecyl sulfate 5 10000 HWMDB

R027272 Tetrasodium ethylenediamine
triacetate

5 1770 MSDS

R027295 Citric acid 5 870 MSDS

R027295 Ethylene oxide 5 1800 MSDS

R027295 Formamide 5 10000 HWMDB

R027295 Hyamine 5 2.4 MSDS

R027295 Octyl phenol 5 1800 MSDS

R027295 Sodium dodecyl sulfate 5 10000 HWMDB

R027295 Tetrasodium ethylenediamine
triacetate

5 1770 MSDS

R030222 ?e 0.529 HWMDB 93-34/50

R030225 Citric acid 5 290 MSDS

R030225 Dextran sulfate 5 10000 HWMDB

R030225 Ethylene oxide 5 600 MSDS

R030225 Ficoll 5 10000 HWMDB

R030225 Hyamine 5 0.8 MSDS

R030225 N-lauroylsarcosine 5 10000 HWMDB

R030225 Octyl phenol 5 600 MSDS

R030225 Polyvinylpyrrolidone 5 10000 HWMDB

R030225 Sodium citrate 5 10000 HWMDB

R030225 Sodium dodecyl sulfate 5 10000 HWMDB

R030225 Tetrasodium ethylenediamine
triacetate

5 570 MSDS

R030225 Tris(hydroxymethyl)aminomethane 5 10000 HWMDB

R030226 Citric acid 5 290 MSDS

R030226 Dextran sulfate 5 5000 HWMDB

R030226 Ethylene oxide 5 600 MSDS

R030226 Ficoll 5 10000 HWMDB

R030226 Hyamine 5 0.8 MSDS

R030226 N-lauroylsarcosine 5 10000 HWMDB

R030226 Octyl phenol 5 600 MSDS

R030226 Polyvinylpyrrolidone 5 10000 HWMDB

R030226 Sodium citrate 5 10000 HWMDB

R030226 Sodium dodecyl sulfate 5 10000 HWMDB
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Part B, Health Risk Assessment C-59 November 1995

R030226 Tetrasodium ethylenediamine
triacetate

5 570 MSDS

R030226 Tris(hydroxymethyl)aminomethane 5 10000 HWMDB

R030227 Citric acid 5 870 MSDS

R030227 Ethylene oxide 5 1800 MSDS

R030227 Formamide 5 10000 HWMDB

R030227 Hyamine 5 2.4 MSDS

R030227 Octyl phenol 5 1800 MSDS

R030227 Sodium dodecyl sulfate 5 10000 HWMDB

R030227 Tetrasodium ethylenediamine
triacetate

5 1770 MSDS

R030243 Citric acid 5 290 MSDS

R030243 Dextran sulfate 5 5000 HWMDB

R030243 Ethylene oxide 5 600 MSDS

R030243 Hyamine 5 0.8 MSDS

R030243 Octyl phenol 5 600 MSDS

R030243 Sodium citrate 5 10000 HWMDB

R030243 Sodium dodecyl sulfate 5 1000 HWMDB

R030243 Tetrasodium ethylenediamine
triacetate

5 570 MSDS

R030544 Mercury 5 3.1 HWMDB 94-03/06

R030544 Oil 5 69 HWMDB 94-03/06

a In some cases, a chemical synonym was substituted for the component listed in the database, to
establish a consistent naming convention.

b The estimated concentration is the maximum concentration reported in the database, converted to
units of mg/l.

c The information sources include the HWM Database (HWMDB), sampling results from the on-site EAS
laboratory (Anal. data), Material Safety Data Sheets (MSDS), and LLNL Waste Profiles (profile #00nn).

d Identification of 514 Treatment Batch numbers was accomplished by comparing hardcopy treatment
batch files with database requisition numbers.

e A "?" indicates that the constituent listed in the database is either listed as PEND, meaning pending
chemical analysis, or that a constituent is a chemical mixture that could not be resolved into
identifiable chemical components with the information available (see Table C-3).

f Anal. data = Analytical data.



Part B, Health Risk Assessment C-60 November 1995

Table C-3.  Components of 1992 and 1993 treated waste which was excluded from
chemical list due to lack of specific chemical identity.

WDR
no.

Waste
Quantity

(gal)
Component
description Waste Stream Description Batch

R004305 55 PENDa AQUEOUS SOL CONTAMINATED WITH 32 P ONE DRUM OF
CONSOLIDATED CARCINOGENIC CARBOYS
R007524,4674,4625,4176,4118,4622,4181,1750,1754,4648,4131

93-10/20

R004306 55 PENDa 1 DRUM CONS CARCINOGENIC CARBOYS:
R4642,7515,7518,1731,4671,7600,4144,4143,4153,4141,4105
CONTAINING ACETIC ACID,MEOH,UREA,THYMIDINE,
OH,HYDOXANTHINE,DATP,TEROISYL DISINFECTANT
CANNOTBURN IN 1 DAY. A940, B219, 1

93-10/20

R004312 55 PENDa BULKED WASTE, UREA, 1X TBE BUFFER, ACETIC ACID,
METHANOL, SDS, BSA, NA CITRATE, FORMAMIDE, NA CL
FROM REQ# R000330,7511,4640,7535,707,4177,328,4130,
1764,603,4658  A940, B219, 1

93-10/20

R008459 55 PENDa CONSOLIDATED CARBOYS RADIOACTIVE AQUIEOUS WASTE,
CONSOLIDATED 7/8/87 BY  BOB FELICITAS   TRANSFERRED
FROM HWM TAG 129417

93-10/20

R010673 55 PENDa MOP & RINSE WATER FROM THE RMA LABS, SHOP &
HALLWAYS 3H =  14.6 UCI/L    A920, B114, 1

93-06/08

R010674 55 PENDa MOP & RINSE WATER FROM THE RMA LABS, SHOP &
HALLWAYS 3H =  31.8 UCI/L    A920, B114, 1

93-06/08

R010675 55 PENDa MOP & RINSE WATER FROM RMA, LABS, SHOP AREAS 3H =
11.9 UCI/L     A920, B114, 1

93-06/08

R010692 55 PENDa 55 GALLONS OF MOP AND RINSE WATER FROM FLOOR
CLEANING AND WAXING A940, B219, 1

94-01

R010699 55 PENDa MOP WATER 92-26

R011201 1 PENDa HAMSTER, RAT AND MOUSE JUICE FROM FREEZE-DRYING
PROCESS

93-22/33

R011376 5 PENDa WATER W/D38 93-22/33

R012078 300 PENDa RINSE WATER FROM RT R1A2 TANK #H-109. MSDS-SAFETY
KLEEN S4.2

92-11

R012341 0.119 PENDa 400ML 14C HEPTACHLOR IN H2O SOLN; 10 VIALS TOLUENE
FLUOR + 3H, 14C, C-14 TAGGED TOLUENE A940, B201, 1

92-20

R012382 5 PENDa WATER CONTAMINATED BY 32P (LESS THAN 1 UCI) 93-51/60

R012636 5 PENDa WASTE WATER FROM RETENTION TANK, PPM OIL
EXTRACTION WITH FREON

93-05

R012762 56 PENDa WASTE WATER CONTAINS DISSOLVED NATURAL U 93-22/33

R012763 0.106 PENDa VACUUM PUMP OIL   A540, B206, 1 93-51/60

R012969 5 PENDa RINSATE FROM STLC & TCLP SAMPLE PREPARATION
(FORMERLY H115339)

93-51/60



Table C-3.  Components of 1992 and 1993 treated waste which was excluded from
chemical list due to lack of specific chemical identity (Cont’d).

WDR
no.

Waste
Quantity

(gal)
Component
description Waste Stream Description Batch
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R013338 5 PENDa AQUEOUS, TCLP AND STLC WASTE: CONTAINS ACETIC AND
CITRIC ACID. ANALYSIS #9202789, 9202835, 9202756, 9202595,
9202595, 9202599, 9202598    FORMERLY H112662  A940, B114, 1

93-22/33

R013638 20 309 MAKE
UP

SEL REX NEUTRONEX      A940, B104, 1 92-13

R013654 55 TELE
SOLU

COOLANT WASH WATER TRIM-SOL MIX 40 TO 1. A491, B102, 1 93-34/50

R013654 55 TRAMP
OILS &
SLUDGE

COOLANT WASH WATER TRIM-SOL MIX 40 TO 1. A491, B102, 1 93-34/50

R014299 55 PENDa SCRUBBER SOLUTION 93-10/20

R014342 1 PENDa WINDEX (GLASS CLEANER) 94-03/06

R015145 50 PENDa BULKED AQUEOUS SOLUTION CONTAINING 132P REQ.#
R023596,R012587,R015315,R012421,R017221,R015314,R017207,R01855
0,R023597,R017464,R012586     A750, B114, 5

93-05

R017297 5.021 PENDa LIQUID: AQUEOUS SOLUTION OF 32 P-CONTAMINATED
SODIUM DODECYL SULFATE (1% w/v) NaOH <1% pH 10

93-51/60

R017298 5.021 PENDa LIQUID: AQUEOUS SOLUTION OF P-CONTAMINATED SODIUM
DODECYL SODIUM HYDROXIDE SULFAFE pH RD 11.5

93-51/60

R017644 0.132 PENDa GLASS BOTTLE CONTAINING 400 ML TCE/100 ML H2O.
RADIOACTIVITY IS [1,2-14C]TCE

93-05

R018667 55 PENDa B-241 RETENTION SYSTEM WASTE 93-51/60

R018668 55 PENDa B-241 RETENTION SYSTEM WASTE 93-06/08

R018669 55 PENDa B-241 RETENTION SYSTEM WASTE 93-10/20

R018744 750 PENDa RINSE WATER FROM RT R1U2. 92-09

R018745 1000 PENDa RINSE WATER FROM RT R1U2. 92-27

R018746 625 PENDa RINSE WATER FROM RT R1U2 92-10

R019158 50 PENDa WASTE WATER CONTAINS DISSOLVED NATURAL-U 93-51/60

R020616 300 PENDa RINSE WATER FROM RT R1A1 TANK #D104, RSDR #01200
(PREVIOUSLY REQ # H070168)

92-30/38

R020643 600 PENDa RINSE WATER/SLUDGE FROM SUMP/TANK CLEAN OUT,
TRACE SOLVENTS FROM PARTS CARRY OVER  A380, B101,
1TANK # PS-101

92-30/38

R020644 300 PENDa RINSE WATER/SLUDGE FROM SUMP/TANK CLEAN OUT
TANK # D 109   A380, B519, 1

92-30/38

R020957 0.012 PENDa 25 SAMPLE BOTTLES CONTAINING OIL DOPED WITH 238U
MSDS ON FILE: SAN JOSE SCIENTIFIC S7.0 A940, B206, 1

93-22/33

R020993 0.5 PENDa LIQUID STANDARDS OF DISTILLED WATER & 226Ra 93-51/60



Table C-3.  Components of 1992 and 1993 treated waste which was excluded from
chemical list due to lack of specific chemical identity (Cont’d).

WDR
no.

Waste
Quantity

(gal)
Component
description Waste Stream Description Batch
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R023404 0.185 PENDa ETHYL ALCOHOL CONTAMINATED WITH PU 239 FOUND IN
612-1001 04/16/91 A570, B203, 1

93-34/50

R023464 5.285 PENDa LIQUID AND SOLIDS FROM TCLP/STLC EXTRACTION WITH
DILUTE ACETIC AND CITRIC ACIDS, pH 5, OF EAS SAMPLES
9102414, 9200406, 9200564  WSD 11-18-91  WED 3-24-92 A940, B114, 1

92-41

R023695 0.264 PENDa POLY BOTTLE CONTAINING 0.051 MOLAR OXALIC ACID
(C2H2O4)  FORMERLY H026174 A940, B104, 1

93-51/60

R023701 0.264 PENDa HCFC-123. FORMERLY H061708 #1   A940, B202, 1 93-25

R023702 0.264 PENDa FC-77=FLUORINERT ELECTRONIC LIQUID, CONTAINS:
PERFLUORO COMPOUNDS. = HCFC-123 FORMERLY H061661
ITEM #3 RAD DETERMINATION WAS MADE WITHOUT MY
REQUEST & IN MY IPINION IS NOT CORRECT.LINDA G. FOILES
01-23-92 A940, B202, 1

93-25

R023731 0.25 PENDa N-METHYL-2-PYRROLIDON (FORMERLY H022097 #1 & #2) 93-25

R023746 0.211 PENDa PT PARTICLES & WATER   (FORMERLY H055907 #2) 93-51/60

R025095 0.055 PENDa STD SOLUTION 60Co, 137Cs; TRACER SOLN 60Co; 57Co; 51Cr;
54Mn; 134Cs; 3H STD SOLUTION; 63Ni STD

93-25

R030222 0.529 PENDa BLUE DYE CONTAMINATED WITH C-14 - NO HAZARDOUS
CONSTITUENTS PH-6.0    = ERIOGLAUCINE = ACID BLUE 9
MSDS F.0140   A040, B114, 1

93-34/50

a “PEND” indicates pending chemical analysis.  Chemical analyses are completed before treatment, but the results
are not always reported in the database.
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Table C-4.   Organic constituents of waste sent to the Area 514 Tank Farm
in 1992 and 1993.

Chemicals in 1992 and 1993
HWM Database

Synonyms and Abbreviations
Commonly Used in Database

Acetic acid

Acetone

Acrylamide (1992 only)

Barbituric acid (1993 only)a

Benzene

Bis-acrylamide (1992 only)b

Methyl bromide (1993 only) Bromomethane

Butyl alcohol (1993 only)a

Carbon tetrachloride (1993 only)

Chloramine-T (1993 only)a

Chloroethane (1993 only)

Chloroform

Citric acid

Sodium dextran sulfatea Dextran sulfate

Dichlorobenzene, 1,4 (1993 only)

Dichloroethane, 1,1 (1993 only)

Dichloroethane, 1,2 (1993 only)

Dichloroethylene, 1,1

Ethylenediamine tetraacetic acid (1993 only) EDTA

Ethylbenzene

Ethylene oxide

Ficolla

Fluorocarbons

Formamide

Freon (1992 only)a

Chlorinated fluorocarbon (1993 only) Freon 113

Freon TF (1993 only)b

Gluconic acida

Hexadecylpyridiumbromide (1993 only)a

Hyaminea

Isopropyl alcohol (1993 only) IPA

Kerosene (1993 only)

Mandelic acid (1992 only)a

Mercury Hg

Methanol Methyl alcohol



Table C-4.   Organic constituents of waste sent to the Area 514 Tank Farm
in 1992 and 1993 (Cont’d).

Chemicals in 1992 and 1993
HWM Database

Synonyms and Abbreviations
Commonly Used in Database
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Methyl isobutyl ketone (1992 only) MIBK, Hexone

Methyl butyl ketone (1993 only)a

Methylene chloride

Methyl ethyl ketone MEK, 2-butanone

N-lauroylsarcosine (1993 only)a

Octyl phenola

Oilc

Polyethylene glycol

Polyvinyl pyrrolidone

Pyridine

Sodium acetatea

Sodium citratea

Sodium dodecyl sulfatea

Styrene (1993 only)

Tetrabromophenolsulfonphthalein (1993 only)a

Tetrachloroethanea

Tetrachloroethane, 1,1,2,2 (1993 only)

Tetrachloroethylene PCE

Tetrasodium ethylenediamine triacetateb

Toluene

Trichloroacetic acid (1992 only)

Trichloroethane, 1,1,1 Methyl chloroform, MCM

Trichloroethane, 1,1,2

Trichloroethylene

Trichlorofluoromethane (1993 only)

Trichlorotrifluoroethanea

Tris(hydroxymethyl)aminomethane (1993 only)a

Trisodium hydrogenethylenediaminetetraacetateb

Vinyl chloride (1992 only)

Xylenes

a  The "commonly accepted name" from Hawley, 1981.

b  Not listed in the California Environment Protection Agency's Chemical Cross-Index or Hawley, 1981.

c  "Oil" does not identify a specific chemical, but is listed as a component in the HWM database.
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Table C-5.  Total mass of organic constituents and mercury treated at the
Area 514 Tank Farm in 1992 and 1993.

Chemical Constituent 1992 Total Mass (grams) 1993 Total Mass (grams)

Acetic acid not present 1500

Acetone 89 280

Acrylamide 180 not present

Barbituric acid not present 380

Benzene 0.072 2.8

Bis-acrylamide 180 not present

Methyl bromide not present 0.019

Butyl alcohol not present 1900

Carbon tetrachloride not present 0.15

Chloramine-T not present 19

Chloroethane not present 0.00026

Chloroform 14 360

Citric acid 14 260

Sodium dextran sulfate 95 1600

Dichlorobenzene, 1,4 not present 0.89

Dichloroethane, 1,1 not present 11

Dichloroethane, 1,2 not present 0.77

Dichloroethylene, 1,1 0.13 16

Ethylenediamine tetraacetic acid not present 1900

Ethylbenzene 0.33 36

Ethylene oxide 30 540

Ficoll 19 1600

Fluorocarbons 0.078 140

Formamide 2300 45000

Freon 0.79 not present

Chlorited fluorocarbon not present 0.35

Freon TF not present 3200

Hexadecylpyridiumbromide not present 0.0021

Hyamine 0.040 0.72

Isopropyl alcohol not present 2.5

Kerosene not present 10

Mandelic acid 18 not present

Mercury 51 34

Methanol 4700 43000



Table C-5.  Total mass of organic constituents and mercury treated at the
Area 514 Tank Farm in 1992 and 1993 (Cont’d).

Chemical Constituent 1992 Total Mass (grams) 1993 Total Mass (grams)
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Methyl butyl ketone not present 0.51

Methyl ethyl ketone 3.7 40000

Methyl isobutyl ketone 2.2 not present

Methylene chloride 380 410

N-lauroylsarcosine not present 580

Octyl phenol 30 540

Oi l 69000 1500000

Polyethylene glycol 95 1100

Polyvinyl pyrrolidone 19 1200

Pyridine 2.1 2100

Sodium acetate 180 not present

Sodium citrate 190 5300

Sodium dodecyl sulfate 19 3300

Styrene not present 0.017

Tetrabromophenolsulfonphthalein not present 0.0010

Tetrachloroethane 1.4 320

Tetrachloroethane, 1,1,2,2 2.3 not present

Tetrachloroethylene 24 19000

Tetrasodium ethylenediamine triacetate 29 510

Toluene 1.3 5.2

Trichloroacetic acid 0.78 not present

Trichloroethane, 1,1,1 72 2400

Trichloroethane, 1,1,2 not present 0.98

Trichloroethylene 0.79 2300

Trichlorofluoromethane not present 3.8

Trichlorotrifluoroethane 31 150

Tris(hydroxymethyl)aminomethane not present 580

Vinyl chloride 0.48 not present

Xylenes 3.7 55
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Table C-6.  1992 Waste Disposal Requisitions (WDRs) from HWM database listing
organic chemicals sent to the Silver Recovery Units.

WDR
  no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated
Chemical

Concentration
(mg/l)b

Information
Sourcec

H021521 Acetic acid 50 20000 profile 29

H021521 Gluconic acid 50 15000 profile 29

H021521 Sodium acetate 50 15000 profile 29

H021521 Trisodium hydrogen ethylene diamine
tetraacetate

50 10000 profile 29

H025412 Acetic acid 50 50000 HWMDB

H025412 Sodium acetate 50 50000 HWMDB

H025422 Acetic acid 50 50000 HWMDB

H025422 Sodium acetate 50 50000 HWMDB

H029495 Acetic acid 5 20000 profile 89

H029498 Acetic acid 5 20000 profile 89

H029499 Acetic acid 5 20000 profile 89

H031239 Acetic acid 5 12500 profile 13

H031239 Gluconic acid 5 5000 profile 13

H031242 Acetic acid 5 12500 profile 13

H031242 Gluconic acid 5 5000 profile 13

H031243 Acetic acid 5 12500 profile 13

H031243 Gluconic acid 5 5000 profile 13

H031244 Acetic acid 5 12500 profile 13

H031244 Gluconic acid 5 5000 profile 13

H031245 Acetic acid 5 12500 profile 13

H031245 Gluconic acid 5 5000 profile 13

H031247 Acetic acid 5 12500 profile 13

H031247 Gluconic acid 5 5000 profile 13

H031252 Acetic acid 5 12500 HWMDB

H031252 Gluconic acid 5 5000 profile 13

H031269 Acetic acid 5 12500 profile 13

H031269 Gluconic acid 5 5000 profile 13

H040693 Acetic acid 5 20000 profile 89

H040695 Acetic acid 5 20000 profile 89

H043697 Acetic acid 5 50000 profile 47

H052311 Acetic acid 5 12500 profile 13

H052311 Gluconic acid 5 5000 profile 13



Table C-6.  1992 Waste Disposal Requisitions (WDRs) from HWM database listing
organic chemicals sent to the Silver Recovery Units (Cont’d).

WDR
  no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated
Chemical

Concentration
(mg/l)b

Information
Sourcec
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H052318 Acetic acid 5 12500 HWMDB

H052318 Gluconic acid 5 5000 profile 13

H052320 Acetic acid 5 12500 profile 13

H052320 Gluconic acid 5 5000 profile 13

H052321 Acetic acid 5 12500 profile 13

H052321 Gluconic acid 5 5000 profile 13

H052322 Acetic acid 5 12500 profile 13

H052322 Gluconic acid 5 5000 profile 13

H052323 Acetic acid 5 12500 profile 13

H052323 Gluconic acid 5 5000 profile 13

H052537 Acetic acid 55 20000 profile 29

H052537 Gluconic acid 55 15000 profile 29

H052537 Sodium acetate 55 15000 profile 29

H052537 Trisodium hydrogen ethylene diamine
tetraacetate

55 10000 profile 29

H052544 Acetic acid 55 20000 profile 29

H052544 Gluconic acid 55 15000 profile 29

H052544 Sodium acetate 55 15000 profile 29

H052544 Trisodium hydrogen ethylene diamine
tetraacetate

55 10000 profile 29

H052562 Acetic acid 50 20000 profile 29

H052562 Gluconic acid 50 15000 profile 29

H052562 Sodium acetate 50 15000 profile 29

H052562 Trisodium hydrogen ethylene diamine
tetraacetate

50 10000 profile 29

H052600 Acetic acid 55 20000 profile 29

H052600 Gluconic acid 55 15000 profile 29

H052600 Sodium acetate 55 15000 profile 29

H052600 Trisodium hydrogen ethylene diamine
tetraacetate

55 10000 profile 29

H058937 Acetic acid 5 50000 profile 66

H059153 Acetic acid 5 12500 profile 32

H059153 Sodium acetate 5 12500 profile 32

H063100 Acetic acid 55 20000 profile 29



Table C-6.  1992 Waste Disposal Requisitions (WDRs) from HWM database listing
organic chemicals sent to the Silver Recovery Units (Cont’d).

WDR
  no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated
Chemical

Concentration
(mg/l)b

Information
Sourcec
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H063100 Gluconic acid 55 15000 profile 29

H063100 Sodium acetate 55 15000 profile 29

H063100 Trisodium hydrogen ethylene diamine
tetraacetate

55 10000 profile 29

H064989 Acetic acid 55 20000 profile 29

H064989 Gluconic acid 55 15000 profile 29

H064989 Sodium acetate 55 15000 profile 29

H064989 Trisodium hydrogen ethylene diamine
tetraacetate

55 10000 profile 29

H064990 Acetic acid 55 20000 profile 29

H064990 Gluconic acid 55 15000 profile 29

H064990 Sodium acetate 55 15000 profile 29

H064990 Trisodium hydrogen ethylene diamine
tetraacetate

55 10000 profile 29

H077652 Acetic acid 55 50000 profile 86

H077681 Acetic acid 55 50000 profile 86

H077720 Sodium acetate 5 20000 HWMDB

H080083 Acetic acid 55 50000 profile 86

H082715 Acetic acid 5 50000 HWMDB

H082715 Sodium acetate 5 10000 HWMDB

H106792 Acetic acid 5 12500 HWMDB

H111458 Acetic acid 50 50000 HWMDB

a  In some cases, a chemical synonym was substituted for the component listed in the database, to
establish a consistent naming convention.

b The estimated concentration is the maximum concentration reported in the database, converted to
units of mg/l.

c The information sources include the HWM Database (HWMDB) and LLNL Waste Profiles
(profile #nn).
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Table C-7.  1993 Waste Disposal Requisitions (WDRs) from HWM database listing
organic chemicals sent to the Silver Recovery Units.

WDR
no. Assigned Chemical Namea

Waste
Quantity

(gal)

Estimated Chemical
Concentration

(mg/l)b
Information

Sourcec

H029710 Acetic acid 5 12500 profile 13

H029710 Gluconic acid 5 5000 profile 13

H102661 Acetic acid 5 50000 HWMDB

H103063 ? 55 0 profile 29

H103063 Acetic acid 55 20000 profile 29

H103063 Gluconic acid 55 15000 profile 29

H103063 Sodium acetate 55 15000 profile 29

H103063 Trisodium hydrogen ethylene diamine
tetraacetate

55 10000 profile 29

H103511 Acetic acid 5 50000 HWMDB

H103527 Acetic acid 4 50000 HWMDB

H103539 Acetic acid 5 50000 profile 66

H104695 ? 5 HWMDB

H104703 ? 5 HWMDB

H106794 Acetic acid 5 12500 HWMDB

H106795 Acetic acid 5 12500 HWMDB

H106796 Acetic acid 5 12500 HWMDB

H106798 Acetic acid 5 12500 HWMDB

H106800 Acetic acid 5 12500 HWMDB

H108766 ? 330 HWMDB

H109805 ? 5 HWMDB

H110018 Acetic acid 20000 profile 89

H110020 Acetic acid 20000 profile 89

H110021 Acetic acid 20000 profile 89

H116505 Acetic acid 5 12500 HWMDB

H116563 Acetic acid 5 12500 HWMDB

H116564 Acetic acid 5 12500 HWMDB

H116565 Acetic acid 5 12500 HWMDB

H116567 Acetic acid 5 12500 HWMDB

H116568 Acetic acid 5 12500 HWMDB

H116569 Acetic acid 5 12500 HWMDB

H118515 ? 330 HWMDB

H124160 Acetic acid 55 50000 HWMDB

a  In some cases, a chemical synonym was substituted for the component listed in the database to establish a
consistent naming convention.

b  The estimated concentration is the maximum concentration reported in the database, converted to units of mg/l.

c  The information sources include the HWM Database (HWMDB) and LLNL Waste Profiles.



Part B, Health Risk Assessment C-71 November 1995

Table C-8.  Total mass of organic constituents treated at the Area 514 Silver Recovery
Units in 1992 and 1993.

Chemical Constituent
1992 Mass

(grams)
1993 Mass

(grams)

Acetic acid 100000 22000

Gluconic acid 26000 4400

Sodium acetate 46000 3100

Trisodium hydrogenethylenediaminetetracetic acid 16000 2000
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Table C-9.  Organic constituents of waste transferred or bulked at the Area 612
Facility in 1992 and 1993.

Chemicals in 1992 and 1993
HWM Database

Synonyms and Abbreviations Commonly
Used in Database

Acetic acid

Acetone

Acetonitrile

2 Amino-1 Methyl-6 Phenol Amidazole 4,5-Beta pyradinea PhlP

Benzene

Chloroform

1-3 Dichloro 1,1,3,3 Tetraisopropyl disiloxanea

Dieselb No. 2 fuel oil

Diethylammonium acetatec

Dimethyl formamide

2,6-Ditertiary butylphenola

Ethyl acetate

Ethyl alcohol Ethanol, EtOH

Ethylbenzene

Ethylene glycol

Freon TFa

Guanidine HClc

Heptachlor

Hexane

Isopropyl alcohol IPA

Laser Dye

Mercury Hg

Methanol Methyl alcohol, MeOH

Methyl isobutyl ketone MIBK, Hexone

Methylene chloride

Methyl ethyl ketone MEK, 2-Butanone

Methylimidazo quinoxalinea

Nitromethane

Oilb

Phenol

Polychlorinated biphenyls PCBs

Tetrachloroethylene PCE

Tetrahydrofuran
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Table C-9.  Organic constituents of waste transferred or bulked at the Area 612
Facility in 1992 and 1993 (Cont’d).

Chemicals in 1992 and 1993
HWM Database

Synonyms and Abbreviations Commonly
Used in Database

Toluene

Tributyl phosphate

Trichloroacetic acid

Trichloroethane, 1,1,1 MCM, Methyl chloroform

Trichloroethane, 1,1,2

Tetrachlorodibenzo-p-dioxin 2,3,7,8 TCDD

Trichloroethylene TCE

VHS

Vinyl chloride

Xylenes

a Not listed in the California Environment Protection Agency's Chemical Cross-Index or Hawley, 1981.

b “Diesel” and “Oil” do not identify specific chemicals, but are listed as components in the HWM
Database.

c The "commonly accepted name" from Hawley, 1981.
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Table C-10.  Total mass of organic constituents and mercury transferred or bulked at
the Area 612 Facility in 1992 and 1993.

Chemical constituents 1992 Mass (grams) 1993 Mass (grams)

Acetic acid not present 2500

Acetone 38 27000

Acetonitrile 3200 220

Aminoimidazoazaarenesa not present 190

2 Amino-1 Methyl-6 Phenol Amidazole 4,5-Beta pyradine not present 9.5

Benzene not present 580

Chloroform not present 17000

1-3 Dichloro 1,1,3,3 Tetraisopropyl disiloxane not present 5.0

Diesel 1400000 not present

Diethylammonium acetate not present 210

Dimethyl formamide not present 120

2,6-Ditertiary butylphenol not present 400

Ethyl acetate not present 99

Ethyl alcohol 7100000 7300000

Ethylbenzene 0.74 0.53

Ethylene glycol not present 4700

Freon TF not present 390

Guanidinium HCl not present 5500

Heptachlor not present 10

Hexane not present 6000

Isopropyl alcohol 190 12000

Laser Dye 2100 10000

Mercury 1.0 0.36

Methanol 1600 56000

Methyl isobutyl ketone not present 620

Methylene chloride 1600 23000

Methyl ethyl ketone not present 71

Methylimidazo quinoxaline not present 95

Nitromethane not present 1600

Oil 140000 310000

Phenol not present 1500

Polychlorinated biphenyls not present 0.0095

Tetrachloroethylene 1.2 28
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Table C-10.  Total mass of organic constituents and mercury transferred or bulked at
the Area 612 Facility in 1992 and 1993 (Cont’d).

Chemical constituents 1992 Mass (grams) 1993 Mass (grams)

Tetrahydrofuran not present 50

Toluene 0.10 68

Tributyl phosphate not present 130

Trichloroacetic acid not present 5.0

Trichloroethane, 1,1,1 0.85 13000

Trichloroethane, 1,1,2 not present 120

Tetrachlorodibenzo-p-dioxin 2,3,7,8 not present 0.0000010

Trichloroethylene not present 35000

Uridine diphosphate galactose not present 0.50

VHS 0.011 23000

Vinyl chloride not present 27

Xylenes 0.41 15000



Part B, Health Risk Assessment C-76 November 1995

Table C-11.  Quality control data - Waste Disposal Requisitions (WDRs) extracted
from HWM database, representing waste treated at the Area 514 Tank Farm

in fiscal year 1993a.

WDR
No.

Waste
Quant (gal)

Treatment
Batch

R003267 50 93-22/33

R003270 50 93-34/50

R003271 50 93-06/08

R003272 50 93-06/08

R003285 50 93-34/50

R003286 50 93-34/50

R003287 50 93-22/33

R003292 50 93-34/50

R003293 50 93-34/50

R003296 50 93-22/33

R003298 50 93-34/50

R004305 55 93-10/20

R004306 55 93-10/20

R004307 55 93-22/33

R004312 55 93-10/20

R008459 55 93-10/20

R008741 55 93-51/60

R008742 55 93-10/20

R008745 55 93-25

R009506 50 93-34/50

R009510 50 93-34/50

R010351 25 93-34/50

R010353 0.013 93-22/33

R010354 30 93-51/60

R010542 0.793 93-51/60

R010572 55 93-22/33

R010673 55 93-06/08

R010674 55 93-06/08

R010675 55 93-06/08

R010950 1100 93-34/50

R010951 1100 93-34/50

R010952 1100 93-34/50

R010955 750 93-51/60

WDR
No.

Waste
Quant (gal)

Treatment
Batch

R010959 300 93-51/60

R011169 5.021 93-05

R011191 5.021 93-05

R011193 5 93-05

R011194 5 93-05

R011198 5 93-05

R011201 1 93-22/33

R011222 5 93-05

R011223 5 93-05

R011224 5 93-34/50

R011376 5 93-22/33

R011633 5 93-22/33

R011700 50 93-22/33

R011702 5 93-51/60

R011703 5 93-51/60

R011709 5 93-34/50

R011746 50 93-10/20

R011748 50 93-22/33

R011749 50 93-10/20

R011832 2.5 93-51/60

R011847 5 93-22/33

R011850 5 93-34/50

R012080 5 93-05

R012089 5 93-25

R012090 5 93-25

R012104 500 93-34/50

R012123 50 93-34/50

R012124 50 93-34/50

R012125 5 93-34/50

R012143 600 93-51/60

R012148 600 93-51/60

R012199 25 93-10/20

R012200 20 93-22/33



Part B, Health Risk Assessment C-85 November 1995

Table C-12.  Chemicals in pre-treatment, after-treatment, or sewer disposal analytical
results which do not appear in HWM database.

Chemical

Frequency of
occurrence in

analytical data Stage of occurrence

Acenaphthene 2 After-treatment sample

Bis(2-ethylhexyl)phthalate 11 Pre- and after-treatment samples

Bromoform 7 Pre- and after-treatment samples

Butylbenzylphthalate 3 Pre- and after-treatment samples

Chlorobenzene 2 After-treatment sample, filter cake

Chloromethane (Methyl chloride) 1 After-treatment sample

2-Chloro-3-methylphenol 2 After-treatment sample

2-Chlorophenol 1 After-treatment sample

Diethylphthalate 1 After-treatment sample

Dimethylphthalate 1 After-treatment sample

Isophorone 1 After-treatment sample

2-Isopropyl Toluene (Cymene) 1 After-treatment sample

C-6 and C-7 organic acids 9 Filter cake

Nitrobenzene 1 After-treatment sample

Pentachlorophenol 3 After-treatment sample

1,2,4-Triethyl benzene 1 After-treatment sample

1,2,4-Trimethyl benzene 1 Pre-treatment sample



Table C-11.  Quality control data - Waste Disposal Requisitions (WDRs) extracted
from HWM database, representing waste treated at the Area 514 Tank Farm

in fiscal year 1993a (Cont’d).

WDR
No.

Waste
Quant (gal)

Treatment
Batch

WDR
No.

Waste Quant
(gal)

Treatment
Batch

Part B, Health Risk Assessment C-77 November 1995

R012202 750 93-21

R012223 500 93-22/33

R012224 300 93-22/33

R012233 4 93-51/60

R012238 55 93-22/33

R012239 55 93-22/33

R012240 55 93-22/33

R012258 198.187 93-22/33

R012259 1000 93-09

R012267 5 93-51/60

R012268 1 93-51/60

R012358 3 93-22/33

R012374 5 93-22/33

R012376 5.285 93-22/33

R012382 5 93-51/60

R012425 5 93-51/60

R012451 1 93-05

R012530 5 93-51/60

R012607 5.285 93-51/60

R012620 5 93-34/50

R012625 5.285 93-34/50

R012636 5 93-05

R012637 5 93-05

R012640 5 93-05

R012651 5 93-25

R012655 5 93-25

R012691 5 93-22/33

R012695 5 93-25

R012696 5 93-25

R012700 5 93-34/50

R012704 5 93-25

R012762 56 93-22/33

R012763 0.106 93-51/60

R012786 5.232 93-51/60

R012799 5 93-51/60

R012888 5 93-51/60

R012897 5.285 93-51/60

R012898 5.285 93-51/60

R012907 5 93-51/60

R012945 4 93-22/33

R012949 0.5 93-51/60

R012969 5 93-51/60

R013151 5 93-34/50

R013153 0.529 93-34/50

R013168 5 93-51/60

R013180 5 93-34/50

R013186 5 93-51/60

R013187 5 93-51/60

R013198 50 93-34/50

R013199 0.22 93-51/60

R013206 5 93-51/60

R013224 4 93-51/60

R013263 5 93-51/60

R013279 5 93-51/60

R013326 5 93-25

R013327 5 93-25

R013328 5 93-25

R013329 5 93-25

R013331 5 93-34/50

R013332 3.5 93-34/50

R013333 3.5 93-51/60

R013337 5 93-34/50

R013338 5 93-22/33

R013347 5 93-25

R013358 5 93-25

R013359 5 93-22/33



Table C-11.  Quality control data - Waste Disposal Requisitions (WDRs) extracted
from HWM database, representing waste treated at the Area 514 Tank Farm

in fiscal year 1993a (Cont’d).

WDR
No.

Waste
Quant (gal)

Treatment
Batch

WDR
No.

Waste Quant
(gal)

Treatment
Batch

Part B, Health Risk Assessment C-78 November 1995

R013360 5 93-25

R013365 5 93-34/50

R013367 5 93-22/33

R013409 5 93-25

R013414 5 93-25

R013418 5 93-51/60

R013420 5 93-22/33

R013430 5 93-25

R013435 5 93-34/50

R013436 5 93-34/50

R013441 1 93-22/33

R013449 660 93-34/50

R013476 0.125 93-25

R013487 4 93-34/50

R013489 4 93-51/60

R013491 4 93-51/60

R013497 5 93-34/50

R013502 50 93-34/50

R013503 50 93-22/33

R013506 50 93-22/33

R013535 50 93-22/33

R013553 50 93-10/20

R013559 50 93-22/33

R013586 50 93-22/33

R013587 50 93-10/20

R013588 50 93-22/33

R013589 50 93-22/33

R013590 50 93-22/33

R013591 50 93-22/33

R013611 50 93-34/50

R013612 50 93-22/33

R013616 1 93-04

R013621 50 93-06/08

R013622 50 93-06/08

R013624 50 93-22/33

R013631 50 93-10/20

R013634 50 93-34/50

R013637 1 93-04

R013641 610 92-39/40

R013647 600 92-39/40

R013648 600 92-39/40

R013650 50 93-22/33

R013651 50 93-34/50

R013652 50 93-34/50

R013653 50 93-22/33

R013654 55 93-34/50

R013655 50 93-34/50

R013656 50 93-34/50

R013665 50 93-10/20

R013666 50 93-22/33

R013667 50 93-34/50

R013669 50 93-22/33

R013678 50 93-22/33

R013679 50 93-22/33

R013680 55 93-22/33

R013681 55 93-22/33

R013682 30 93-22/33

R013683 55 93-22/33

R013684 55 93-22/33

R013685 55 93-22/33

R013686 50 93-22/33

R013687 50 93-22/33

R013688 50 93-34/50

R013689 50 93-34/50

R013690 50 93-22/33

R013695 50 93-34/50



Table C-11.  Quality control data - Waste Disposal Requisitions (WDRs) extracted
from HWM database, representing waste treated at the Area 514 Tank Farm

in fiscal year 1993a (Cont’d).

WDR
No.

Waste
Quant (gal)

Treatment
Batch

WDR
No.

Waste Quant
(gal)

Treatment
Batch

Part B, Health Risk Assessment C-79 November 1995

R013698 50 93-22/33

R013699 50 93-34/50

R013701 50 93-22/33

R013704 50 93-34/50

R013705 50 93-10/20

R013707 50 93-22/33

R013718 50 93-22/33

R013719 50 93-06/08

R013720 50 93-22/33

R013722 50 93-22/33

R013724 50 93-22/33

R013725 50 93-34/50

R013726 50 93-34/50

R013727 50 93-22/33

R013728 50 93-22/33

R013735 50 93-34/50

R013738 50 93-34/50

R013741 50 93-22/33

R013747 50 93-21

R013768 50 93-22/33

R013770 50 93-22/33

R013775 50 93-22/33

R013776 50 93-05

R013781 50 93-06/08

R013782 50 93-05

R013786 50 93-22/33

R013795 50 93-06/08

R013796 280 93-05

R013804 50 93-05

R013805 50 93-10/20

R013810 40 93-34/50

R013811 40 93-34/50

R013814 40 93-22/33

R013815 40 93-22/33

R013816 40 93-22/33

R013818 40 93-22/33

R013826 600 92-39/40

R013827 600 92-39/40

R013828 600 92-39/40

R013829 300 92-39/40

R013830 300 92-39/40

R013831 300 92-39/40

R013839 50 93-34/50

R013840 50 93-34/50

R013844 50 93-34/50

R013845 30 93-22/33

R013847 50 93-34/50

R013848 50 93-22/33

R013849 50 93-22/33

R014263 5 93-05

R014274 5 93-22/33

R014299 55 93-10/20

R014902 5 93-51/60

R014913 5 93-25

R014914 5 93-25

R014915 5 93-51/60

R014916 5 93-34/50

R014917 5 93-05

R014998 50 93-22/33

R015016 5 93-22/33

R015040 5 93-05

R015041 2 93-05

R015046 0.264 93-22/33

R015065 5 93-34/50

R015144 50 93-51/60

R015145 50 93-05



Table C-11.  Quality control data - Waste Disposal Requisitions (WDRs) extracted
from HWM database, representing waste treated at the Area 514 Tank Farm

in fiscal year 1993a (Cont’d).

WDR
No.

Waste
Quant (gal)

Treatment
Batch

WDR
No.

Waste Quant
(gal)

Treatment
Batch

Part B, Health Risk Assessment C-80 November 1995

R015201 40 93-22/33

R015210 52.85 93-10/20

R015239 5 93-05

R015249 5 93-25

R015303 5 93-51/60

R015355 50 93-21

R015370 5 93-05

R015476 50 93-10/20

R015477 55 93-22/33

R015478 50 93-22/33

R015479 50 93-34/50

R015480 50 93-34/50

R015481 50 93-22/33

R015483 50 93-22/33

R015487 50 93-22/33

R015495 4.228 93-51/60

R015536 300 93-25

R015538 200 93-25

R015539 5 93-34/50

R015544 50 93-22/33

R015577 50 93-34/50

R015578 5 93-34/50

R015579 50 93-34/50

R015957 5 93-05

R015967 5 93-05

R015968 5 93-05

R016031 50 93-22/33

R016036 3 93-04

R016052 55 93-34/50

R016104 5 93-05

R016114 0.026 93-05

R016115 5 93-51/60

R016119 5 93-05

R016120 5 93-05

R016121 5 93-05

R016211 55 93-22/33

R016259 5.021 93-51/60

R016262 5.285 93-51/60

R016479 600 93-10/20

R016480 600 93-10/20

R016481 600 93-10/20

R016482 600 93-10/20

R016483 600 93-10/20

R016495 5 93-34/50

R016496 5 93-22/33

R016504 750 93-10/20

R016505 750 93-10/20

R016506 750 93-10/20

R016507 750 93-10/20

R016508 660 93-10/20

R016512 5 93-22/33

R016516 5 93-34/50

R016517 5 93-22/33

R016523 1000 93-22/33

R016524 625 93-22/33

R016525 750 93-22/33

R016526 750 93-22/33

R016528 5 93-34/50

R016529 5 93-34/50

R016536 625 93-10/20

R016537 1000 93-10/20

R016538 750 93-10/20

R016539 1000 93-10/20

R016546 2.642 93-34/50

R016547 1.321 93-34/50

R016548 4.756 93-34/50



Table C-11.  Quality control data - Waste Disposal Requisitions (WDRs) extracted
from HWM database, representing waste treated at the Area 514 Tank Farm

in fiscal year 1993a (Cont’d).

WDR
No.

Waste
Quant (gal)

Treatment
Batch

WDR
No.

Waste Quant
(gal)

Treatment
Batch

Part B, Health Risk Assessment C-81 November 1995

R016555 0.021 93-51/60

R016589 5.285 93-51/60

R016619 5.285 93-22/33

R016631 5.074 93-51/60

R016632 5.074 93-51/60

R016633 5.074 93-51/60

R016702 50 93-51/60

R016703 50 93-51/60

R016704 45 93-51/60

R016705 50 93-51/60

R016707 45 93-51/60

R016767 0 b.

R016768 0 b.

R016769 0 b.

R016770 0 b.

R016884 50 93-34/50

R016891 50 93-34/50

R016902 50 93-34/50

R016903 50 93-34/50

R016905 50 93-22/33

R016907 50 93-34/50

R016908 50 93-22/33

R016909 50 93-22/33

R016910 50 93-22/33

R016913 50 93-34/50

R016915 50 93-22/33

R016924 50 93-22/33

R016925 50 93-34/50

R016933 50 93-34/50

R016934 50 93-22/33

R016935 50 93-34/50

R016937 55 93-34/50

R016943 50 93-22/33

R016947 50 93-22/33

R016951 50 93-34/50

R017208 5.021 93-51/60

R017297 5.021 93-51/60

R017298 5.021 93-51/60

R017299 5.021 93-51/60

R017301 5.021 93-51/60

R017360 5.285 93-05

R017361 5.285 93-05

R017364 5.285 93-05

R017431 5 93-34/50

R017563 0.581 93-34/50

R017644 0.132 93-05

R017646 0.211 93-51/60

R017677 0.159 93-51/60

R018252 5 93-22/33

R018270 700 93-38

R018271 300 93-38

R018327 55 93-06/08

R018328 55 93-06/08

R018548 5 93-51/60

R018549 5 93-51/60

R018551 5 93-51/60

R018552 5 93-51/60

R018556 5.021 93-51/60

R018558 5.021 93-51/60

R018611 0.238 93-05

R018667 55 93-51/60

R018668 55 93-06/08

R018669 55 93-10/20

R018702 5 93-34/50

R018704 50 93-34/50

R018705 50 93-34/50



Table C-11.  Quality control data - Waste Disposal Requisitions (WDRs) extracted
from HWM database, representing waste treated at the Area 514 Tank Farm

in fiscal year 1993a (Cont’d).

WDR
No.

Waste
Quant (gal)

Treatment
Batch

WDR
No.

Waste Quant
(gal)

Treatment
Batch

Part B, Health Risk Assessment C-82 November 1995

R018706 50 93-34/50

R018708 50 93-22/33

R018709 50 93-22/33

R018710 50 93-34/50

R018712 50 93-22/33

R018713 50 93-34/50

R018714 50 93-22/33

R018715 50 93-34/50

R018717 50 93-22/33

R019158 50 93-51/60

R019161 5 93-05

R019162 2 93-05

R019174 2 93-22/33

R019228 55 93-25

R019562 5 93-34/50

R019575 5 93-51/60

R019744 35 93-10/20

R019797 5 93-05

R020526 1.057 93-51/60

R020574 0.066 93-34/50

R020592 32.2 93-34/50

R020617 5 93-05

R020656 5 93-34/50

R020657 5 93-34/50

R020658 5 93-51/60

R020663 600 93-10/20

R020664 250 93-10/20

R020666 0.132 93-51/60

R020752 5.285 93-51/60

R020952 30 93-05

R020956 0.034 93-25

R020957 0.012 93-22/33

R020993 0.5 93-51/60

R022139 5 93-34/50

R022140 3 93-34/50

R022141 1.5 93-34/50

R022149 4.228 93-25

R022158 1.85 93-34/50

R022170 0.581 93-34/50

R022182 4.756 93-34/50

R022189 4.756 93-51/60

R022196 55 93-10/20

R022197 55 93-21

R022198 55 93-10/20

R022200 0.925 93-34/50

R022212 1.5 93-51/60

R022269 5.021 93-25

R022275 4 93-34/50

R022300 3 93-05

R022370 55 93-10/20

R022378 4.756 93-05

R022385 4.228 93-34/50

R022430 4.228 93-05

R022433 5.285 93-05

R022488 55 93-10/20

R022489 55 93-10/20

R022512 5 93-05

R022513 5 93-34/50

R022541 5.285 93-05

R022590 5 93-22/33

R022591 5 93-22/33

R022618 5 93-05

R023404 0.185 93-34/50

R023432 55 93-22/33

R023433 55 93-22/33

R023434 55 93-22/33



Table C-11.  Quality control data - Waste Disposal Requisitions (WDRs) extracted
from HWM database, representing waste treated at the Area 514 Tank Farm

in fiscal year 1993a (Cont’d).

WDR
No.

Waste
Quant (gal)

Treatment
Batch

WDR
No.

Waste Quant
(gal)

Treatment
Batch

Part B, Health Risk Assessment C-83 November 1995

R023435 55 93-22/33

R023440 55 93-22/33

R023441 50 93-22/33

R023442 55 93-34/50

R023444 50 93-22/33

R023445 50 93-22/33

R023446 50 93-22/33

R023447 50 93-22/33

R023448 50 93-22/33

R023449 50 93-22/33

R023450 50 93-22/33

R023451 55 93-22/33

R023452 55 93-22/33

R023453 55 93-22/33

R023456 55 93-06/08

R023458 50 93-22/33

R023459 50 93-34/50

R023460 50 93-22/33

R023463 55 93-06/08

R023585 5 93-34/50

R023605 4.756 93-05

R023676 5 93-25

R023682 5 93-05

R023694 3 93-51/60

R023695 0.264 93-51/60

R023701 0.264 93-25

R023702 0.264 93-25

R023731 0.25 93-25

R023734 0.132 93-51/60

R023736 2 93-51/60

R023746 0.211 93-51/60

R023747 5 93-25

R023748 0.529 93-51/60

R023749 0.264 93-25

R023750 1 93-22/33

R023751 5 93-25

R023754 5 93-22/33

R023755 5.285 93-25

R023757 5 93-25

R023760 4.756 93-05

R023785 3 93-34/50

R023898 30 93-06/08

R023903 50 93-22/33

R023904 50 93-22/33

R023905 50 93-22/33

R023906 50 93-22/33

R023961 55 93-51/60

R023992 50 93-06/08

R023993 50 93-06/08

R024002 55 93-25

R024911 5 93-51/60

R024915 5 93-51/60

R024916 5 93-51/60

R024918 5 93-51/60

R024919 2.642 93-51/60

R025040 3 93-22/33

R025095 0.055 93-25

R026826 55 93-51/60

R026827 55 93-51/60

R026828 55 93-51/60

R026882 55 93-51/60

R026883 5 93-51/60

R026924 5 93-51/60

R026925 5 93-34/50

R027102 300 93-51/60

R027103 300 93-51/60



Table C-11.  Quality control data - Waste Disposal Requisitions (WDRs) extracted
from HWM database, representing waste treated at the Area 514 Tank Farm

in fiscal year 1993a (Cont’d).

WDR
No.

Waste
Quant (gal)

Treatment
Batch

WDR
No.

Waste Quant
(gal)

Treatment
Batch

Part B, Health Risk Assessment C-84 November 1995

R027104 300 93-51/60

R027106 150 93-51/60

R027107 300 93-51/60

R027111 700 93-34/50

R027112 700 93-34/50

R027113 1000 93-34/50

R027114 600 93-34/50

R027165 700 93-51/60

R027166 900 93-51/60

R027167 700 93-51/60

R027168 900 93-51/60

R028401 5 93-34/50

R030083 2.5 93-22/33

R030222 0.529 93-34/50

R030505 50 93-51/60

R030539 600 93-51/60

a Treatment batch number obtained from 514 files; not always recorded in database
b This requisition is for waste that was bulked and is already accounted for in other requisitions.



Part B, Health Risk Assessment C-85 November 1995

Table C-12.  Chemicals in pre-treatment, after-treatment, or sewer disposal analytical
results which do not appear in HWM database.

Chemical

Frequency of
occurrence in

analytical data Stage of occurrence

Acenaphthene 2 After-treatment sample

Bis(2-ethylhexyl)phthalate 11 Pre- and after-treatment samples

Bromoform 7 Pre- and after-treatment samples

Butylbenzylphthalate 3 Pre- and after-treatment samples

Chlorobenzene 2 After-treatment sample, filter cake

Chloromethane (Methyl chloride) 1 After-treatment sample

2-Chloro-3-methylphenol 2 After-treatment sample

2-Chlorophenol 1 After-treatment sample

Diethylphthalate 1 After-treatment sample

Dimethylphthalate 1 After-treatment sample

Isophorone 1 After-treatment sample

2-Isopropyl Toluene (Cymene) 1 After-treatment sample

C-6 and C-7 organic acids 9 Filter cake

Nitrobenzene 1 After-treatment sample

Pentachlorophenol 3 After-treatment sample

1,2,4-Triethyl benzene 1 After-treatment sample

1,2,4-Trimethyl benzene 1 Pre-treatment sample
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Table C-13.  Data from HWM database used to calculate emissions from the Area 612 Facility

Comp. Desc. Tot. Trans., lb Tot. Trans. Gal Emi. Factor* Mol. Wt., g Vapor P., psia VP Reference Emission, lb Emission, g

1992

1,1,1-Trichloroethane (MCM) 1.87 × 10–3 2.24 × 10–4 6.25 × 100 133 2.00 × 100 a. 1.40 × 10–6 6.38 × 10–4

Acetone 8.33 × 10–2 1.00 × 10–2 5.05 × 100 58 3.70 × 100 a. 5.05 × 10–5 2.29 × 10–2

Acetonitrile 6.95 × 100 8.35 × 10–1 1.36 × 100 41.05 1.41 × 100 b. 1.14 × 10–3 5.16 × 10–1

Diesel

Benzene 2.10 × 10–1 2.52 × 10–2 2.75 × 100 78 1.50 × 100 a. 6.94 × 10–5 3.15 × 10–2

Toluene 2.40 × 100 2.88 × 10–1 8.65 × 10–1 92 4.00 × 10–1 a. 2.49 × 10–4 1.13 × 10–1

Xylene 2.19 × 100 2.63 × 100 4.34 × 10–1 105.17 1.,74 × 10–1 c. 1.14 × 10–4 5.19 × 10–2

Ethanol 1.55 × 104 1.87 × 103 9.73 × 10–1 46 9.00 × 10–1 a. 1.82 × 100 8.26 × 102

Ethyl benzene 1.62 × 10–3 1.95 × 10–4 4.83 × 10–1 106.2 1.93 × 10–1 c. 9.42 × 10–8 4.28 × 10–5

Mercury (Hg) 2.20 × 10–3 2.64 × 10–4 4.36 × 10–5 80 2.32 × 10–5 c. 1.15 × 10–11 5.24 × 10–9

Methanol 3.48 × 100 4.17 × 10–1 1.50 × 100 32 2.00 × 100 a. 6.28 × 10–4 2.85 × 10–1

Methylene chloride 3.48 × 100 4.17 × 10–1 1.36 × 101 85 6.80 × 100 a. 5.67 × 10–3 2.58 × 100

Oil  (Alternative Method)

Benzene 6.20 × 10–4 7.45 × 105 2.75 × 100 78 1.50 × 100 a. 2.05 × 10–7 9.31 × 105

Ethyl benzene 6.20 × 10–4 7.45 × 105 4.83 × 10–1 106.2 1.93 × 10–1 c. 3.60 × 10–8 1.63 × 10–5

Naphthalene 4.66 × 10–2 5.60 × 10–3 4.67 × 10–3 128.2 1.55 × 10–3 c. 2.61 × 10–8 1.19 × 10–5

Xylene 3.12 × 10–3 3.75 × 10–4 4.34 × 10–1 106.17 1.74 × 10–1 c. 1.63 × 10–7 7.40 × 10–5

PCE 2.56 × 10–3 3.07 × 10–4 1.05 × 100 165.8 2.70 × 10–1 c. 3.23 × 10–7 1.47 × 10–4

Toluene 2.25 × 10–4 2.70 × 10–5 8.65 × 10–1 92 4.00 × 10–1 a. 2.34 × 10–8 1.06 × 10–5

VHS (VC)** 2.50 × 10–5 3.00 × 10–6 2.16 × 101 62.5 1.47 × 101 c. 6.48 × 10–8 2.95 × 10–5

Xylene 9.12 × 10–4 1.10 × 10–4 4.34 × 10–1 106.17 1.74 × 10–1 c. 4.76 × 10–8 2.16 × 10–5

1993

1,1,1-Trichloroethane(MCM) 2.91 × 101 3.49 × 100 6.25 × 100 133 2.00 × 100 a. 2.18 × 10–2 9.92 × 100

1,1,2-Trichloroethane 2.66 × 10–1 3.20 × 10–2 1.15 × 100 133.41 3.68 × 10–1 c. 3.69 × 10–5 1.68 × 10–2

1-3 Dichloro 1,1,3,3 Tetraisopropyl 1,3Disiloxane 1.10 × 10–2 1.32 × 10–3 4.85 × 10–4 323.4 6.38 × 10–5 d. 6.41 × 10–10 2.91 × 10–7

TCDD(2,3,7,8-Tetrachlorodibenzo-Pdioxin) 2.20 × 10–9 2.64 × 10–10 2.20 × 10–10 322 2.90 × 10–11 e. 5.80 × 10–23 2.64 × 10–20

Heptachlor 2.20 × 10–2 2.64 × 10–3 5.09 × 10–5 373.32 5.80 × 10–6 c. 1.35 × 10–10 6.12 × 10–8

2,6-Ditertiary butylphenol 8.74 × 10–1 1.05 × 10–1 1.78 × 10–5 206.2 3.68 × 10–6 d 1.87 × 10–9 8.51 × 10–7

2-Butanone ( MEK ) 1.57 × 10–1 1.89 × 10–2 2.54 × 100 72.1 1.50 × 100 a. 4.79 × 10–5 2.18 × 10–2

Acetic acid 5.45 × 100 6.55 × 10–1 2.96 × 10–1 60.05 2.10 × 10–1 c. 1.94 × 10–4 8.83 × 10–2

Acetone 6.02 × 101 7.23 × 100 5.05 × 100 58 3.70 × 100 a. 3.65 × 10–2 1.66 × 101

Acetonitrile 4.95 × 10–1 5.94 × 10–2 1.36 × 100 41.05 1.41 × 100 a. 8.09 × 10–5 3.68 × 10–2

Benzene 1.27 × 100 1.53 × 10–1 2.75 × 100 78 1.50 × 100 a. 4.20 × 10–4 1.91 × 10–1

Chloroform 3.78 × 101 4.54 × 100 8.95 × 100 119 3.20 × 100 a. 4.06 × 10–2 1.85 × 101
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Table C-13.  Data from HWM database used to calculate emissions from the Area 612 Facility (Cont’d).

Comp. Desc. Tot. Trans., lb Tot. Trans. Gal Emi. Factor* Mol. Wt., g Vapor P., psia VP Reference Emission, lb Emission, g

1993 (Cont’d)

Diethylammonium acetate 4.72 × 10–1 5.67 × 10–2 3.50 × 100 73.1 3.71 × 100 f. 1.99 × 10–4 9.03 × 10–2

Ethanol 1.61 × 104 1.93 × 103 9.73 × 10–1 46 9.00 × 10–1 a. 1.88 × 100 8.55 × 102

Ethyl acetate 2.17 × 10–1 2.61 × 10–2 2.96 × 100 88.1 1.43 × 100 c. 7.72 × 10–5 3.51 × 10–2

Ethyl benzene 1.17 × 10–3 1.41 × 10–4 4.83 × 10–1 106.2 1.93 × 10–1 c. 6.79 × 10–8 3.08 × 10–5

Freon TF 8.70 × 10–1 1.04 × 10–1 5.91 × 101 170.91 1.47 × 101 c. 6.17 × 10–3 2.81 × 100

Hexane 1.33 × 101 1.60 × 100 5.88 × 100 86.18 2.90 × 100 c. 9.40 × 10–3 4.27 × 100

Mecury (Hg) 7.99 × 10–4 9.60 × 10–5 4.37 × 10–5 80 2.32 × 10–5 c. 4.19 × 10–12 1.91 × 10–9

Methanol 1.23 × 102 1.48 × 101 1.50 × 100 32 2.00 × 100 a. 2.22 × 10–2 1.01 × 101

Methyl Isobutyl ketone 1.37 × 100 1.65 × 10–1 6.57 × 10–1 100.16 2.79 × 10–1 b. 1.08 × 10–4 4.91 × 10–2

Methylene chloride 5.03 × 101 6.04 × 100 1.36 × 101 85 6.80 × 100 a. 8.21 × 10–2 3.73 × 101

Nitromethane 3.43 × 100 4.12 × 10–1 7.77 × 10–1 61 5.42 × 10–1 c. 3.20 × 10–4 1.46 × 10–1

Oil

Benzene 1.36 × 10–3 1.63 × 104 2.75 × 100 78 1.50 × 100 a. 4.49 × 10–7 2.04 × 104

Ethyl benzene 1.36 × 10–3 1.63 × 104 4.83 × 10–1 106.2 1.93 × 10–1 c. 7.89 × 10–8 3.59 × 10–5

Naphthalene 1.02 × 10–1 1.22 × 10–2 4.67 × 10–3 128.2 1.55 × 10–3 c. 5.72 × 10–8 2.60 × 10–5

Xylene 6.78 × 10–3 8.14 × 10–4 4.34 × 10–1 106.17 1.74 × 10–1 c. 3.54 × 10–7 1.61 × 10–4

PCB (Araclor 1016) 2.09 × 10–5 2.51 × 10–6 1.11 × 10–4 326 1.45 × 10–5 e. 2.79 × 10–13 1.27 × 10–10

PCE, Tetrachloroethylene 6.26 × 10–2 7.52 × 10–3 1.05 × 100 165.8 2.70 × 10–1 c. 7.91 × 10–6 3.60 × 10–3

TCE, Trichlorethylene 7.64 × 101 9.17 × 100 3.70 × 100 131 1.20 × 100 a. 3.39 × 10–2 1.54 × 101

Tetrahydrofuran, THF 1.10 × 10–1 1.32 × 10–2 4.24 × 100 72.11 2.50 × 100 b. 5.60 × 10–5 2.54 × 10–2

Toluene 1.50 × 10–1 1.80 × 10–2 8.65 × 10–1 92 4.00 × 10–1 a. 1.56 × 10–5 7.08 × 10–3

VHS (VC)** 4.98 × 101 5.98 × 100 2.16 × 101 62.5 1.47 × 101 c. 1.29 × 10–1 5.88 × 101

Vinyl chloride 5.87 × 10–2 7.05 × 10–3 2.16 × 101 62.5 1.47 × 101 c. 1.52 × 10–4 6.92 × 10–2

Xylene 3.24 × 101 3.89 × 100 4.34 × 10–1 106.17 1.74 × 10–1 c. 1.69 × 10–3 7.67 × 10–1

Notes:

  * From AP-42, L=12.46 SPM/T

** Assuming the VHS as vinyl chloride

VP Reference:
a. From EPA’s AP-42, Table 4.3-2.
b. Lange's Handbook of Chemistry, 13th Edition, McGraw-Hill Book Company.
c. Pocket Guide to Chemical Hazards, U.S. Dept. of Health and Human Services.
d. See Appendix D for estimation.
e. MacKay, Donald, et al., Illustrated Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals, Lewis Publishers, Roca Raton, FL.
f. This compound dissociates in water into diethylamine and acetic acid.  But only the emission of diethylamine, which passes the Henry’s Law screen, is considered here.  The vapor

pressure and molecular weight given here are for diethylamine, obtained from reference b.
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Appendix D.
Henry’s Law Constants
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Appendix D. Henry’s Law Constants

1.0 Introduction to Henry’s Law Constants

We devoted a substantial amount of effort to developing lists of chemicals representing
the waste treated at Area 514 or transferred or bulked at Area 612 (See Section III for
more information). After we identified the chemicals, they were screened, based on
their Henry’s Law constants. The only exposure mechanism from operations is airborne
transport of chemicals from the facility in gaseous form, and Henry’s Law constants
provide a reasonable estimation of whether a chemical in water will escape to the
atmosphere. Generally, compounds with a Henry’s Law constant less than about
1 Pa-m3/mol tend to partition into the liquid phase; whereas compounds with a
Henry’s Law constant greater than this value will tend to volatilize into the air (EPA,
1991; Thomas, 1982). Therefore, we chose a screening value for Henry’s Law constant of
1 Pa-m3/mol; materials having less than that value were screened from further
consideration.

Approximately 70% of the chemicals we identified had Henry’s Law constants
published in the Preliminary Endangerment Assessment (PEA) Guidance Manual
(CAL/EPA/DTSC, 1994), the 3-volume Handbook of Environmental Fate and Exposure
Data for Organic Chemicals (Howard, 1989, 1990, and 1991), the 4-volume Illustrated
Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals
(Mackay et al., 1992a-c and 1993; experimental values were used when available),
Preliminary Remediation Goals of the U.S. Environmental Protection Agency (EPA),
Region IX (EPA, Region IX, 1995), or the Hazardous Substance Database (HSDB, 1995).
Henry’s Law constants from these sources were used without modification.

The remaining Henry’s Law constants that we used were not directly available from
these sources.  However, the Henry’s Law constant can be calculated by dividing a
compounds vapor pressure by its solubility (Thomas, 1982). For one chemical, mercury,
the Henry’s Law constant was calculated from published vapor pressure and solubility
data (Budavari, 1989). The remaining compounds had either no published vapor
pressure data, no published solubility data, or no published data for both of those
properties. (Many of the materials for which vapor pressure data were not available are
solids, having negligible vapor pressures, so it is not unreasonable that such data have
not been collected.) When published data were not available, we calculated vapor
pressure and solubility using methods in the Handbook of Chemical Property Estimation
Methods (Lyman et al., 1982), or the CRC Handbook of Chemical and Physical Properties
(Haas and Newton, 1976). When we could apply such methods without making
additional approximations, we listed the Henry’s Law constant as “derived.”  Where we
made additional approximations, e.g., using a solubility of 100 g/100 mL of water to
approximate the term “miscible,” we listed the Henry’s Law constant as “estimated.”
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Tables D-1 through D-3 list the organic chemicals for the waste streams treated,
transferred, or bulked in Area 514 and Area 612 (including chemicals identified in sewer
discharge and treatment analytical results for Area 514), their Henry’s Law constants,
and the source of the Henry’s Law constant.  Table D-4 lists each chemical and Henry’s
Law constant as well as any approximations or assumptions used to develop a given
value.

Example calculations for boiling point, vapor pressure, solubility, and Henry’s Law
constant are provided here for the chemical N-lauroylsarcosine.

2.0 Estimation of the Boiling Point of N-lauroylsarcosine

The method used to estimate the boiling point of N-lauroylsarcosine is called “Miller’s
Method” (Rechsteiner, 1982) and is based on the equation:

Tb = (ø eβ)/R (D-1)

where:
Tb is the boiling point (K),
R is the universal gas constant (82.05 cm3-atm/mol K), and

β = 
    

2/71−φ( ) − 0.048[ ]ln cV( ) + 2/71−φ[ ] ln cP( ) + 1.255
2/71−φ[ ]

 . (D-2)

The variables for calculating β are the following:

ø =  0.567 + ∑∆T – (∑∆T)2  ; (D-3)

Pc =  
    

M
20.34+ ∆P∑( )

 , (D-4)

Vc =   40 + ∑∆V (D-5)

where:

Pc is the critical pressure
Vc is the critical volume
ø is the ratio of the normal boiling point Tb to the critical temperature

Tc, and
M is the molecular weight.

The values for ∆T, ∆P, and ∆V are based on structure and are tabulated in Rechsteiner
(1982), Tables 12-6 and 12-12.
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The basic steps for calculating Tb are the following.

(1) Sketch the structure of N-lauroylsarcosine:

CH3NCH2COOH
|
CO(CH2)10CH3

(2) Compute ∑∆T, ∑∆P, and ∑∆V by summing the appropriate increments from
Tables 12-6 and 12-12 in Rechsteiner (1982).

Number of
elements unit ∆T  ∆T unit ∆ P ∆ P unit ∆ V ∆ V

CH2 11 0.012 0.132 0.227 2.497 55 605

CH3 2 0.02 0.04 0.227 0.454 55 110

O 1 0.021 0.021 0.16 0.16 20 20

CO 1 0.04 0.04 0.29 0.29 60 60

COOH 1 0.085 0.085 0.4 0.4 80 80

N 1 0.014 0.014 0.17 0.17 42 42

∑∆T = 0.332 ∑∆P = 3.971 ∑∆V = 917

(3) Compute ø (from Equation D-3).

ø =  0.567 + (∑∆T) - (∑∆T)2
ø =  0.7888

(4) Compute Pc (from Equation D-4)

Pc =  M/(0.34 + ∑∆P)2
Pc =   15.787 atm

(5) Compute Vc (from Equation D-5).

Vc =  40 + ∑∆V
Vc =  957 cm3/mol

(6) Compute β (from Equation D-2).

β = 
    

2/71−φ( ) − 0.048[ ]ln cV( ) + 2/71−φ[ ] ln cP( ) + 1.255
2/71−φ[ ]
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b = 11.066 (dimensionless)

(7) Compute Tb (from Equation D-1).

Tb =  (ø eb)/R

Tb =  615 K = 342°C

3.0 Estimation of the vapor pressure of N-lauroylsarcosine

The vapor pressure estimation method used here is described by Grain (1982). The
method accounts for correlation between the heat of vaporization and vapor pressure.
The primary equation for applying this method is:

ln Pvp ≈ 
    

∆ vbH
∆ bZ bRT

1 −
m

3− ρb2T( )
ρbT

− 2m
m−1

3− ρb2T( ) ln ρbT











  , (D-6)

where:

Pvp is the vapor pressure at a reference temperature (mm Hg),
Hvb is the heat of vaporization at the normal boiling point (cal/mol),

Zb is the compressibility factor at the normal boiling point,
R is the gas constant,
T is the ambient temperature (K),

Tb is the temperature of the normal boiling point (K),
Tρb is the ratio between T and Tb, and

m is the exponent derived to relate temperature to compressibility.

For all liquids, m = 0.19. For solids, m depends on the value of Tρb.   If Tρb > 0.6, m=
0.36; if  0.6 > Tρb > 0.5, m= 0.8; and Tρb < 0.5, m= 1.19.  In addition,

    

vb∆H
bT

= FK 8.75 + R ln bT( ) , (D-7)

where:

KF is a factor derived from a consideration of the dipole moments of
polar and nonpolar molecules and is tabulated in Table 14-4
(Grain, 1982),

R is 1.987 cal/mol K, and
∆Zb is 0.97.
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The steps to calculate vapor pressure are the following.

(1) Obtain Tb (K) either from the literature or from calculations.

Tb = 615 K (from boiling point calculations).

(2) Obtain KF from Table 14-4 or 14-5.

KF =1.06 (for miscellaneous compounds).

(3) Determine appropriate value for m.

Tρb = 298/615 = 0.485

m = 1.19 (value for solids with Tρb < 0.5).

(4) Calculate ∆Hvb/Tb (from Equation D-7).

    

vb∆H
bT

= FK 8.75 + R ln bT( )  = 22.80 cal/mol K.

(5) Assume ∆Zb is 0.97 (Grain, 1982).

(6) Calculate ln Pvp (from Equation D-6).

ln Pvp = 
    

∆ vbH
∆ bZ bRT

1 −
m

3− ρb2T( )
ρbT

− 2m
m−1

3− ρb2T( ) ln ρbT











  .

ln Pvp = –21.558 .

(7) Calculate the anti-log and multiply by 760 to obtain the vapor pressure in
mm Hg; multiply by 133.3 to obtain vapor pressure in Pa.

Pvp = 4.3 × 10–10 atm = 3.3 × 10–7 mm Hg = 4.4 × 10–5 Pa.

4.0 Estimation of the aqueous solubility of N-lauroylsarcosine

The solubility estimation method is based on the structure of the molecule Lyman
(1982). The solubility is estimated using the following equation:

–log S = x + ∑yini + ∑zjnj  . (D-8)

The value x is dependent on the class of compound, either aromatic or aliphatic; ∑yini
represents the contributions of various atoms, e.g., y is C, H, Cl, etc., multiplied by their
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frequency of occurrence in the molecule (n); and ∑zjnj represents the contributions of
various structural elements, e.g., double bonds, triple bonds, branched chains, etc.,
multiplied by their frequency in the molecule (n). The values for x, y, and z are
presented in Table 2-16 of Lyman (1982).

If the compound is a solid at room temperature, a correction factor must be applied
because the solubility obtained from Equation D-8 is that of a supercooled liquid. The
correction factor is

–log Ssol = –log S + 0.0095(tm -25), (D-9)

where:

tm is the melting point .

The steps for calculating solubility are as follows.

(1) Draw the molecular structure.

CH3NCH2COOH
|
CO(CH2)10CH3

(2) Determine compound type and appropriate x value.

N-lauroylsarcosine is aliphatic, so x = 1.50.

(3) Determine appropriate values of y and z by summing the appropriate increments
from Table 2-16 in Lyman (1982).

Number of atoms unit y y

C 15 0.25 3.75

H 28 0.12 3.36

N (no value available) 1 0 0

∑ yini =7.11

Number of occurrences unit z z

repeat non-branching unit 10 -0.1 -1

chain-branching 1 -0.1 -0.1

∑ zjnj =-1.1
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(4) Substitute values to find log S using Equation D-8.

–log S = x + ∑yini + ∑zjnj  .

 log S = –7.51.

(5) If the compound is a solid at 25°C, apply correction factor from Equation D-9.

–log Ssol = –log S + 0.0095(tm -25)  ,

log Ssol = –7.70,

S = 2 × 10–8 g/g = 2 × 10–8 g/mL = 2 × 10–5 g/1000 mL

 = (2 × 10–5 g/1000mL) × (1/293.4 mol/g) × (1/0.000001 mL/m3)

S = 6.82 × 10–5 mol/m3  .

5.0 Estimation of the Henry’s Law constant for N-lauroylsarcosine

The method for estimating Henry’s Law constant is to divide the vapor pressure by the
solubility (Thomas, 1982):

H = V/S  ,

where H is the Henry’s Law constant (Pa-m3/mol), V is the vapor pressure (Pa), and S
is the solubility (mol/m3).

The vapor pressure has been estimated to be 4.4 × 10-5 Pa, and the solubility has been
estimated to be 6.82 × 10-5 mol/m3. Therefore,

H = (4.4 × 10-5 Pa)/(6.82 × 10-5 mol/m3) = 6.45 × 10-4 Pa m3/mol.
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Table D-1.  Henry’s Law constants (Pa m3/mol) and their sources for organic
chemicals identified in the Area 514 waste stream.

Chemical Hc (Pa-m3/mol) Reference and/or estimation method

Acetic acid 1.01 × 10–4 Howard, 1990 (at pH 7)

Acetone 3.72 × 100 CAL/EPA/DTSC, 1994

Acrylamide 3.24 × 10–5 Howard, 1989

Barbituric acid 2.54 × 10–13 Derived, Beilstein Hdb, 1995; Grain, 1982;
Rechsteiner,1982

Benzene 5.50 × 102 CAL/EPA/DTSC, 1994

Bis-acrylamide 4.88 × 10–1 Estimated, Bio-Rad, 1993

Butyl alcohol 5.64 × 10–1 Howard, 1990

Carbon tetrachloride 3.08 × 103 CAL/EPA/DTSC, 1994

Chloramine-T 2.71 × 10–7 Derived, Beilstein Hdb, 1995; Grain, 1982;
Rechsteiner,1982

Chloroethane (Ethyl chloride) 8.59 × 102 Howard, 1990

Chloroform 4.41 × 102 CAL/EPA/DTSC, 1994

Citric acid 1.38 × 10–15 Derived, Budavari, 1989; Grain, 1982;
Rechsteiner, 1982

Dextran sulfate 1.78 × 10–1 Estimated

Dichlorobenzene  1 4 1.52 × 102 CAL/EPA/DTSC, 1994

Dichloroethane 1 1 5.95 × 102 CAL/EPA/DTSC, 1994

Dichloroethane 1 2 9.90 × 101 CAL/EPA/DTSC, 1994

Dichloroethylene  1 1 1.56 × 104 CAL/EPA/DTSC, 1994

EDTA 1.58 × 10–8 Derived, Beilstein Hdb, 1995; Grain, 1982;
Rechsteiner,1982

Ethylbenzene 8.55 × 102 CAL/EPA/DTSC, 1994

Ethylene oxide 1.22 × 101 Howard, 1989

Ficoll 1.78 × 10–1 Estimated

Formamide 2.66 × 10–2 Derived, Budavari, 1989; Grain, 1982; Lyman,
1982

Freons (dichlorodifluoromethane) 4.09 × 104 Mackay et al., 1993

Gluconic acid 3.80 × 10–5 Estimated, Budavari, 1989,

Hexadecylpyridiumbromide 1.33 × 10–2 Estimated, 1995; Grain, 1982; Rechsteiner,1982

Hyamine 1.52 × 10–3 Estimated, Lyman et al., 1982

Isopropyl alcohol 8.18 × 10–1 Howard, 1990

Kerosene 2.23 × 103 Estimated, HSDB, 1995; Stephen and Stephen,
1963
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Table D-1.  Henry’s Law constants (Pa m3/mol) and their sources for organic
chemicals identified in the Area 514 waste stream (Cont’d).

Chemical Hc (Pa-m3/mol) Reference and/or estimation method

Mandelic acid 2.68 × 10–9 Derived, Budavari, 1989; Grain, 1982;
Rechsteiner, 1982

Mercury 9.52 × 102 Derived, Budavari, 1989

Methyl alcohol 1.37 × 101 Howard, 1990

Methyl bromide (bromomethane) 6.28 × 102 U.S. EPA/Region IX, 1995

Methyl isobutyl ketone 9.52 × 100 Howard, 1990

Methylbutylketone (2-hexanone) 9.16 × 100 Mackay et al., 1992c

Methylene chloride 2.72 × 102 CAL/EPA/DTSC, 1994

Methylethylketone 1.06 × 100 CAL/EPA/DTSC, 1994

N-lauroylsarcosine 6.45 × 10–1 Derived,  Grain, 1982; Rechsteiner, 1982;
Lyman, 1982

Octyl phenol 4.92 × 10–1 Mackay et al., 1992c

Polyethylene glycol 1.78 × 10–1 Estimated, Fluka (1992)

Polyvinylpyrrolidone 8.89 × 10–2 Estimated, Mark et al., 1989

Pyridine 7.09 × 102 Howard, 1990

Sodium acetate 6.20 × 10–9 Estimated, Beilstein Hdb, 1995; Grain, 1982

Sodium citrate 3.06 × 10–15 Estimated, Weast (1976)

Sodium dodecyl sulfate 4.25 × 10–8 Derived, Budavari, 1989; Grain, 1982;
Rechsteiner, 1982

Styrene 2.85 × 102 CAL/EPA/DTSC, 1994

Tetrabromophenolsulfonphthalein 1.99 × 10–3 Derived, Budavari, 1989; Grain, 1982

Tetrachloroethane 1 1 2 2 4.61 × 101 CAL/EPA/DTSC, 1994

Tetrachloroethylene 1.51 × 103 CAL/EPA/DTSC, 1994

Toluene 6.02 × 102 CAL/EPA/DTSC, 1994

Trichloroacetic acid 2.18 × 10–3 Estimated, Budavari, 1989; Stull, 1947

Trichloroethane 1 1 1 8.10 × 102 CAL/EPA/DTSC, 1994

Trichloroethane 1 1 2 1.22 × 102 CAL/EPA/DTSC, 1994

Trichloroethylene 1.04 × 103 CAL/EPA/DTSC, 1994

Trichlorofluoromethane 9.83 × 103 Howard, 1990

Trichlorotrifluoroethane 5.88 × 103 U.S. EPA/Region IX, 1995

Tris(hydroxymethyl)aminomethane 7.33 × 10–8 Derived, Budavari, 1989; Grain, 1982

Vinyl chloride 1.08 × 103 Howard, 1989

Xylenes 5.37 × 102 CAL/EPA/DTSC, 1994
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Table D-2.  Henry’s Law constants (Pa m3/mol) and their sources for organic
chemicals identified from the treatment and analytical data from  Area 514.

Chemical H (Pa m3/mol) Reference and/or estimation method

Chemicals in Treatment Analyticals and Not in Database

Bis(2-ethylhexyl)phthalate (di(2-
ethylhexyl)phthalate)

2.70 × 10–2 Mackay et al., 1992c

Bromoform (tribromomethane) 4.66 × 101 Mackay et al., 1993

Bromodichloromethane 1.62 × 102 Howard,1990

Chloromethane (methyl chloride) 2.43 × 103 Howard,1989

Chlorobenzene 3.50 × 102 Howard,1989

p-Isopropyl Toluene (Cymene) 5.20 × 101 Derived, HSDB, 1995;  Beilstein Hdb
(1995)

C6 organic acid (Hexanoic acid) 7.68 × 10–2 Mackay et al., 1992c

C7 organic acid (Heptanoic acid) 2.70 × 10–2 Derived, Beilstein Hdb, 1995; Grain,
1982; Budavari, 1989

1,2,4-Triethylbenzene 2.06 × 103 Derived, Grain, 1982; Budavari, 1989

1,2,4-Trimethylbenzene 5.69 × 102 Mackay et al., 1992a

Chemicals in Sewer Discharge Analyticals and Not in Database

Acenapthene 1.22 × 101 Mackay et al., 1992b

Bis(2-ethylhexyl)phthalate 2.70 × 10–2 Mackay et al., 1992c

Bromodichloromethane 1.62 × 102 Howard,1990

Butylbenzylphthalate 1.32 × 10–1 Howard,1989

2-Chlorophenol 5.67 × 10–2 Howard,1989

4-Chloro-3-methylphenol 1.19 × 10–2 Derived, Grain, 1982; Budavari, 1989

Dibromochloromethane 8.61 × 101 Mackay et al., 1993

Diethylphthalate 4.86 × 10–2 Howard,1989

Dimethylphthalate 1.11 × 10–2 Mackay et al., 1992c

Isophorone 5.88 × 10–1 Howard,1990

Nitrobenzene 2.47 × 100 Howard,1989

Pentachlorophenol 2.79 × 10–1 Howard,1991

Note: See Section III for explanation of use of analytical data for identifying organic chemicals.
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Table D-3.  Henry’s Law constants (Pa m3/mol) and their sources for organic
chemicals identified as transferred or bulked at Area 612 facilities.

Chemical Hc (Pa-m3/mol) Reference and/or estimation method

Acetic acid 1.01 × 10–4 Howard, 1990 (at pH 7)

Acetone 3.72 × 100 CAL/EPA/DTSC, 1994

Acetonitrile 2.75 × 100 Mackay, 1992c

Benzene 5.50 × 102 CAL/EPA/DTSC, 1994

Chloroform 4.41 × 102 CAL/EPA/DTSC, 1994

Dichloro(1,3) tetraisopropyl (1,1,3,3)
disiloxane (1,3)

2.97 × 101 Derived, Grain, 1982; Hass and Newton, 1976;
Lyman, 1982

Diesel 2.01 × 102 Estimated, Stull, 1947; U. S. EPA, 1995

Diethyl amine (a) 2.60 × 100 Mackay et al., 1992c

Dimethyl formamide 3.60 × 10–1 Estimated, Budavari, 1989; HSDB, 1995

Ditertiary(2,6) butylphenol 7.70 × 10–2 Derived, Grain, 1982; Rechsteiner, 1982;
Lyman, 1982

Ethanol 6.37 × 10–1 Howard, 1990

Ethyl acetate 2.61 × 104 HSDB, 1995

Ethylbenzene 8.55 × 102 CAL/EPA/DTSC, 1994

Ethylene glycol 6.08 × 10–3 Howard, 1990

Freons (dichlorodifluoromethane) 4.09 × 104 Mackay et al., 1993

Guanidinum HCl 3.49 × 10–2 Derived, Grain, 1982; Rechsteiner, 1982;
Lyman, 1982

Heptachlor 1.50 × 102 Howard, 1991

Hexane 1.83 × 105 Mackay et al., 1993

Isopropyl alcohol 8.18 × 10–1 Howard, 1990

Laser Dye 1.33 × 10–1 Estimated

Mercury 9.52 × 102 Derived, Budavari, 1989

Methyl alcohol 1.37 × 101 Howard, 1990

Methyl isobutyl ketone 9.52 × 100 Howard, 1990

Methylene chloride 2.72 × 102 CAL/EPA/DTSC, 1994

Methylethylketone 1.06 × 100 CAL/EPA/DTSC, 1994

Methylimidazo quinoxaline 2.84 × 10–4 Estimated, Knize, 1995

Nitromethane 2.62 × 100 HSDB, 1995

PCBs (Arochlor 1016) 70 to 9000 Mackay et al., 1992a

Phenol 4.02 × 10–2 Howard, 1989

PhIP 2.99 × 10–4 Estimated, Knize, 1995
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Table D-3.  Henry’s Law constants (Pa m3/mol) and their sources for organic
chemicals identified as transferred or bulked at Area 612 facilities (Cont’d).

Chemical Hc (Pa-m3/mol) Reference and/or estimation method

Tetrachlorodibenzo-p-dioxin(2,3,7,8) 3.34 × 100 Mackay et al., 1992b

Tetrachloroethylene 1.51 × 103 CAL/EPA/DTSC, 1994

Tetrahydrofuran 9.76 × 102 Howard, 1990

Toluene 6.02 × 102 CAL/EPA/DTSC, 1994

Tributyl phosphate 5.73 × 10–1 Derived, Grain, 1982; Budavari, 1989; Beilstein
Hdb, 1995

Trichloroacetic acid 2.18 × 10–3 Estimated, Budavari, 1989; Stull, 1947

Trichloroethane 1 1 1 8.10 × 102 CAL/EPA/DTSC, 1994

Trichloroethane 1 1 2 1.22 × 102 CAL/EPA/DTSC, 1994

Trichloroethylene 1.04 × 103 CAL/EPA/DTSC, 1994

Uridine diphosphate galactose 7.55 × 10–5 Estimated, Knize, 1995; Budavari, 1989

Vinyl chloride 1.08 × 103 Howard, 1989

Xylenes 5.37 × 102 CAL/EPA/DTSC, 1994

(a) Diethylammonium acetate is the compound identified;  based on molecular weight, it is 54.9 %
diethylamine and 45.1% acetic acid.



Part B, Health Risk Assessment D-16 November 1995

Table D-4. Vapor pressure and solubility data and references for derived and estimated Henry’s Law constants.

Chemical Source

Vapor
pressure

(Pa) Ref.

Boiling
point

°C Ref.
Solubility

mol/m3 Ref.

Henry’s Law
constant

Pa-m3/mol Notes

Barbituric acid 514 2.27 × 10–11 a 488 b 8.94 × 101 c 2.54 × 10–13

Bis-acrylamide 514 3.17 × 103 d,e 6.49 × 103 d 4.88 × 10–1 Vapor pressure similar to water; 100g/100ml used as estimate of miscible.

C7 organic acid Analytical 5.40 × 10–1 a 289 f 2.00 × 101 c 2.70 × 10–2 Heptanoic acid used to estimate C7 organic acid.

Chloramine-T 514 9.60 × 10–5 a 324 b 3.54 × 102 c 2.71 × 10–7

4-Chloro-3-methylphenol Analytical 3.20 × 10–1 a 289 f 2.70 × 101 f 1.19 × 10–2

Citric acid 514 4.27 × 10–12 a 491 b 3.08 × 103 f 1.38 × 10–15

Dextran sulfate 514 <1.33 × 100 7.50 × 100 1.78 × 10–1 Vapor pressure estimated as vapor pressure of polyethylene glycol; solubility estimated at 10% of polyvinyl pyrolidone; used
molecular weight of polyethylene glycol, 8000 g/mol.

Dichloro(1,3) tetraisopropyl (1,1,3,3) disiloxane (1,3) 612 4.40 × 10–1 a 245 g 1.48 × 10–2 h 2.97 × 101

Diesel 612 6.20 × 101 i 3.09 × 10–1 j 2.01 × 102 Used solubility of kerosene.

Dimethyl formamide 612 4.93 × 103 k 1.37 × 104 f 3.60 × 10–1 100g/100ml used as estimate of miscible.

Ditertiary(2,6) butylphenol 612 0.025327 a 269 b 3.26 × 10–1 h 7.77 × 10–2 Melting point of 35°C (l); Lyman (1982) solubility estimation method inadequate, use 0.1 times the solubility of 2-methyl-5-tert-
butylphenol, which is 3.26 mol/m3.

EDTA 514 3.47 × 10–8 a 403 b 2.19 × 100 c 1.58 × 10–8 Also used to estimate EDTA-Tetrasodium ethylenediamine and EDTA- Tetrasodium ethylenediamine triacetate.

Ficoll 514 <1.33 × 100 7.50 × 100 1.78 × 10–1 Vapor pressure estimated as vapor pressure of polyethylene glycol; solubility estimated at 10% of polyvinyl pyrolidone; used
molecular weight of polyethylene glycol, 8000 g/mol.

Formamide 514 1.59 × 101 a 211 f 5.99 × 102 h 2.66 × 10–2

Gluconic acid 514 2.67 × 10–1 7.01 × 103 f 3.80 × 10–5 While conservatively high since mercury is a liquid and gluconic acid is not, vapor pressure estimated as vapor pressure of mercury;
Grain estimation methods too low to be reasonable.

Guanidinum HCl 612 3.07 × 10–2 a 265 b 8.78 × 10–1 h 3.49 × 10–2 Melting point of 180°C (c)

Hexadecylpyridiumbromide 514 3.73 × 10–6 a 381 b 2.80 × 10–4 1.33 × 10–2 Solubility based on Hg to be conservative, Lyman (1982) solubility calculations not appropriate.

Hyamine 514 4.27 × 10–7 a 391 b 2.80 × 10–4 1.52 × 10–3 Solubility based on Hg to be conservative, Lyman (1982) solubility calculations not appropriate.

p-Isopropyl Toluene (Cymene) Analytical 1.33 × 102 k 2.56 × 100 c 5.20 × 101

Kerosene 514 6.89 × 102 k 3.09 × 10–1 j 2.23 × 103 Used molecular weight of C16H34; 225.45 g/mol.

Laser Dye 612 1.33 × 10–4 1.00 × 10–3 1.33 × 10–1 A very large molecule having very low vapor pressure; imparts slight blue color to water, but basically insoluble; e.g., 1,2,3,4,8,9,10,11-
octahydro-6-(2-methoxycarbonylphenyl)-dipyrido-[3,2-b;2',3'-i] xanthylium fluoroborate.

Mandelic acid 514 2.80 × 10–6 a 372 b 1.04 × 103 f 2.68 × 10–9

Mercury 514,612 2.67 × 10–1 f 2.80 × 10–4 f 9.52 × 102

Methylimidazo quinoxaline 612 1.33 × 10–4 m 4.69 × 10–1 m 2.84 × 10–4 Based on pratical laboratory experience.

N-lauroylsarcosine 514 4.40 × 10–5 a 342 b 6.82 × 10–5 h 6.45 × 10–1 Melting point of 45°C (c).

PhIP 612 1.33 × 10–4 4.46 × 10–1 m 2.99 × 10–4 Based on pratical laboratory experience.

Polyethylene glycol 514 <1.33 × 100 n 7.50 × 100 1.78 × 10–1 Solubility estimated at 10% of polyvinyl pyrolidone; molecular weight 8000 g/mol.

Polyvinylpyrrolidone 514 <1.33 × 100 1.50 × 101 o 8.89 × 10–2 Vapor pressure estimated as vapor pressure of polyethylene glycol.

Sodium acetate 514 9.33 × 10–5 a 324 1.51 × 104 c 6.20 × 10–9 Melting point used as boiling point, Rechsteiner (1982) method for estimating boiling point yields unreasonable results.
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Table D-4. Vapor pressure and solubility data and references for derived and estimated Henry’s Law constants (Cont’d).

Chemical Source

Vapor
pressure

(Pa) Ref.

Boiling
point

°C Ref.
Solubility

mol/m3 Ref.

Henry’s
Law

constant
Pa-m3/mol

Notes

Sodium citrate 514 4.27 × 10–12 1.39 × 103 e 3.06 × 10–15 Used vapor pressure of citric acid, Grain (1982) method not reasonable; used highest value in table of solutions for solubility, actual
solubility may be greater.

Sodium dodecyl sulfate 514 1.87 × 10–5 a 351 b 4.39 × 102 f 4.25 × 10–8

Tetrabromophenolsulfonphthalein 514 1.19 × 10–2 a 279 5.97 × 100 f 1.99 × 10–3 Used decomposition point as boiling point, Rechsteiner (1982) methods for estimating boiling point not adequate.

Tributyl phosphate 612 8.40 × 10–1 a 289 f 1.46 × 100 c 5.73 × 10–1

Trichloroacetic acid 514, 612 <1.33 × 102 p 6.12 × 104 f 2.18 × 10–3 Vapor pressure is 133.3 Pa at 51°C.

1,2,4-Triethylbenzene Analytical 2.80 × 101 a 215 q 1.36 × 10–2 h 2.06 × 103

Tris(hydroxymethyl)aminomethane 514 3.33 × 10–4 a 219 f 4.54 × 103 f 7.33 × 10–8 Boiling point @ 10-mm Hg; calculations performed accordingly.

Uridine diphosphate galactose 612 1.33 × 10–4 m 1.77 × 100 f,m 7.55 × 10–5 Based on pratical laboratory experience.

Note: Vapor pressures and solubilities are at 25°C, except for  Chloramine-T, citric acid, heptanoic data, sodium acetate, and sodium

citrate @ 20°C; EDTA @ 22.5°C; and kerosene at 23°C.

(a) Derived using methods in Grain (1982).

(b) Derived using methods in Rechsteiner (1982).

(c) Beilstein Hdb , 1995.

(d) Bio-Rad, 1993.

(e) Weast, 1976.

(f) Budavari, 1989.

(g) Derived using methods of Hass and Newton (1976).

(h) Derived using methods in Lyman (1982).

(i) EPA, 1995.

(j) Stephen and Stephen, 1963.

(k) HSDB, 1995.

(l) Lancaster, 1995

(m) Knize, 1995

(n) Fluka , 1992; Budavari, 1989.

(o) Mark et al., 1989.

(p) Stull , 1947.

(q) OHM/TADS , 1995.
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Appendix E.
Calculation Description for Estimation of One-Hour

Maximum Volatile Organic Emission Rates

1.0 Introduction

Volatile organic compounds (VOCs) contained in an aqueous liquid are emitted to air in
an attempt to reach equilibrium between aqueous and vapor phases. The rate of the
emissions is based on diffusive or convection mechanisms, or both.  Diffusion occurs
when organic concentrations at the water surface are much higher than ambient
conditions and, therefore, the organics volatilize, or diffuse into the air, in order for the
aqueous and vapor phases to reach equilibrium.  Convection occurs when air flows over
the water surface, sweeping organic vapors from the water surface into the air.

The VOC emission rate from an aqueous liquid is a function of a variety of different
factors and calculated using mass transfer theory.  The different factors include the
waste water surface area, temperature, and turbulence; waste waster retention time in
the system(s); the depth of the waste water in the system(s); the concentration of VOCs
in the waste water and their physical properties, such as volatility and diffusivity.

The emission rate of VOCs contained in wastewater stored and treated in the Area 514
Waste Water Treatment Tank Farm can be estimated using mass transfer theory.  The
Area 514 Waste Water Treatment Tank Farm consists of six 1,850-gallon tanks used to
store and treat hazardous and/or mixed wastes.   The six tanks have identical
dimensions, capacities, and design standards.  The six tanks are vertical, open-top,
conical-bottom, cylindrical tanks.  The cylindrical portion of each tank has an inside
diameter of 6.25 feet.  During operations, each tank is managed to maintain a 2-foot
freeboard such that the volume of waste within a tank is limited to 1,390 gallons.  The
air associated with the 2 feet of freeboard is considered stagnant because the top of each
tank is approximately 61% covered.  Each tank has a mixer rated at 1.5 hp used to mix
the waste during treatment.  The maximum concentration of VOCs allowed in a tank is
1000 milligrams/liter.

2.0 Application of Mass Transfer Theory

To calculate an estimate of the emission rate of a VOC from a binary mixture in the Area
514 Waste Water Treatment Tank Farm, mass transfer theory was applied to estimate
the rate of diffusion of the volatile organic from water to the stagnant air of the
freeboard and to estimate the rate of diffusion of the volatile organic from the stagnant
air to outside the tank.  The first step of the estimation requires the calculation of the
individual gas phase and liquid phase mass transfer coefficients, kg and kl respectively.
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This coefficients are measures of the rate at which concentration equilibrium is
approached, and they differ for each VOC.

The mass-transfer coefficient for binary liquid systems was obtained by the following
empirical equation (Perry et al., 1984, pp. 4-43]:

kl  =  0.13( µ
ρDL

)-2/3[(P
v) µ

ρ2]
1/4

where:

DL =  the molecular diffusivity in the liquid phase,

µ and ρ =  the viscosity and density, respectively of the solvent,

P =  the power dissipated, and

v =  the volume of the dispersed phase.

At 26.67 °C (80 °F), the viscosity and density of water are 0.8513 cP and 0.996544 g/cm3,
respectively.  The volume of the dispersed phase was 1,390 gallons, and the power
dissipated is the power of the motors for the mixers in the tank which are specified at
1.5 hp.  The diffusion coefficient, DL, can be estimated using the Wilke-Chang method.
Most estimation methods assume infinite dilution, i.e., that each VOC (solute) molecule
is surrounded by pure water (solvent), though they can be applied for concentrations
up to 10 mole percent.  The Wilke-Chang estimation is from Reid, Prausnitz, and Poling,
1987, p. 598:

DL  =  
7.4 x 10-8(∅ Mb)0.5T

µVa0.6

where:

T =  the temperature in Kelvin,

Va =  the molar volume of the solute,

Mb =  the molecular weight of the solvent,

µ =  the viscosity of the solvent, and

∅ =  the association factor of the solvent (2.6 for water).

The molecular diffusivity has units in square centimeter per second.
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3.0 Calculation of Molar Volume

The molar volume of the solute (Va) was calculated using an additive method described
by Schroeder and refined by Le Bas (Reid, Prausnitz, and Poling, 1987, p. 52).  In this
method, volume increments were determined for various atoms and tabulated.  To
determine the molar volume of a molecule, the volume increment for each atom in the
molecule is added.  In general, this method approximates the experimental values to
within 4%.

The gas-phase mass-transfer coefficient was obtained through the theory of steady-state
unimolar unidirectional diffusion of gases.  This theory implies that there is diffusion of
one molecular species through a stagnant layer of another molecular species.  Applied
to the Tank Farm, the diffusing molecular species is the VOC, and the stagnant layer is
air.  In reality, the air is not actually stagnant because the air molecules are continually
moving; however, the net flux of the air is zero due to convection causing bulk flow of
air in one direction which is equal to molecular diffusion causing bulk flow of air in the
opposite direction.  Therefore, the air is stagnant relative to some stationary coordinate.
The gas-phase mass-transfer coefficient, kg, has units of moles solute per square
centimeter per second per atmosphere and is defined by Bennett and Myers, 1982,
pp. 514-515; and Skelland, 1974, pp. 12-15:

kg  =  
Dg
RTL( P

pblm
)

where:

Dg =  the molecular diffusion coefficient in the gas-phase,

R =  the universal gas constant,

T =  the temperature,

L =  the length of the path of diffusion (amount of freeboard), and

pblm =  the log-mean of the partial pressure of the air which is defined
by:

pblm  =  
pbL - pbo

ln(pbL/pbo)

where:
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pbL =  the partial pressure of air at the top of the tank (1 atm), and

pbo =  the partial pressure of air at the surface of the liquid (1 atm
minus the vapor pressure of the VOC).

Because the liquid concentrations are small, the vapor pressure can be calculated using
Henry’s Law (Bennett and Myers, 1982, p. 533):

pbo  =  xm

where:

x =  the mole fraction of the solute in the liquid-phase, and

m =  the Henry’s Law constant for the solute.

The values of the Henry’s Law constants used were selected from Table D-1, in
Appendix D.  This equation simply expresses a linear relationship between the partial
pressure and the concentration.

4.0 Binary Gas System Calculation

For a binary gas system, the diffusion coefficient, Dg, was estimated using the method
described by Wilke and Lee (Reid, Prusnitz, and Poling, 1987, p. 587).  The method
approximates experimental values to within 5-10%.  The units of Dg are square
centimeters per second.  The gas-phase diffusion coefficient is :

Dg  =  
[3.03 - (0.98/Mab0.5)](10-3)T1.5

pMab0.5σab2Ω

where:

T =  the temperature

p =  the pressure

Mab =  in a sense, an average molecular weight, which is defined by:

Mab  =  
2

1
Ma

 + 
1

 Mb

where Ma and Mb are the molecular weights of the air and solute.  The air-solute scale
parameter (σab) is the average scale parameter for the system:
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σab  =  
σa + σb

2

where for each constituent (air or solute) the scale parameter is defined by:

σ  =  1.18V0.333

where:

V =  the molar volume of the constituent.

For air,  σ =  3.62 Å.

The diffusion collision integral (Ω), a dimensionless number, is defined as:

Ω  =  
1.06036
T*0.1561  +  

0.193
eT*(0.47635)  +  

1.03587
eT*(1.52996)  +  

1.76474
eT*(3.98411)

and is a function of T* which is defined as:

T*  =  
kT

Œab

where:

T =  the temperature (K), and

Œab
k =   the relation between the constants for the  Lennard-Jones

 Potential for the solvent and solute.

The equation that relates Œab/k to Œa/k and Œb/k is:

Œab
k   =  (Œa

k
Œb
k )0.5

and for each constituent (air or solute):

Œ
k   =  1.15Tb

where:

Tb =  the boiling point.

For air, Œ/k = 97 K.
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5.0 Calculation of Mass Emission Rate of a Volatile Organic Compound

Upon the calculation of the individual gas phase and liquid phase mass transfer
coefficients, kg and kl, the overall mass emission rate (Na) of a VOC can be calculated
using the following equation (Foust et al., 1980, p. 311):

  

Na = pg *
1

Akg
+ m

Akl

where:

pg* =  partial pressure of the solute (vapor pressure) (atm),

A =  liquid surface area (ft2),

m =  Henry’s Law constant (atm*ft3/lbmol),

kg =   mass-transfer coefficient for the gas phase (lbmol/ft2*hr*atm),
and

kl =  mass-transfer coefficient for the liquid phase (ft/hr).

This equation defines the ratio of the driving force with the resistance of the VOC to
reach equilibrium in the liquid and local air.  The driving force is actually described as
the partial pressure of the solute in equilibrium with the liquid concentration (pg*)
minus the partial pressure of the solute in the bulk gas phase (pg, the gas outside of the
tank).  In order to simplify the above equation and maximize the calculated emission
rate, the assumption was made that some form of forced or natural convection exists in
which pg becomes negligible.
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Appendix F.  Dispersion Model Input Data and
Sample of Meteorological Data

1.0   Introduction

The following is an input file that was used to run the ISC-ST2 model for the current
project.  Upon execution of the model, this particular file will read the meteorological
data from 1994 contained in the file LLNL94.ISC.  Lines starting with a double asterisk
(**) are comment lines and are ignored by the model.  The bulk of this file is dedicated
to specification of elevations of the several receptor locations.
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2.0  Dispersion Model Input Data

CO STARTING
   TITLEONE  CHRA Project : LLNL : 1994 Meteorology : Areas 514 and 612
   TITLETWO  July '95 : Frank Gouveia (510) 423-2052

** Regulatory default options, Rural dispersion, Concentrations at receptors.
** Averaging periods for max and average will be 1 hour and the entire year.
** The pollutant is a unit source so that concentrations will be Chi/Q.
** Area sources are normalized to 1 gram per second.
** Input elevations for sources and receptors and the unit is meters.
** List of errors will be written to ERRORS.OUT.

   MODELOPT  DFAULT  RURAL  CONC
   AVERTIME  1  PERIOD
   POLLUTID  Unit
   TERRHGTS  ELEV
   RUNORNOT  RUN
   ERRORFIL  ERRORS.OUT
CO FINISHED

SO STARTING

** One source is the Area 514 HW Treatment Facility
**           name   type    X      Y     Z(m)
**           name   rate  height  side
   LOCATION  A514   AREA  14645  71030   215
   SRCPARAM  A514    .04     1      5

** One source is the Area 612 HW Storage Facility
   LOCATION  A612   AREA  14763  71105   215
   SRCPARAM  A612    .04     1      5

** Treat the two sources seperatly
   SRCGROUP  A514   A514
   SRCGROUP  A612   A612

SO FINISHED

RE STARTING

** Credit Union
   DISCCART  14950  71475  208

** Ranch House A
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   DISCCART  15072  71457  211

** Ranch House B
   DISCCART  15055  70862  223

** Ranch House C
   DISCCART  15066  70923  221

** Intersection of Vasco and Westgate
   DISCCART  13076  71948  190

** Intersection of Mary Lou and Alison
   DISCCART  12838  72357  183

   GRIDPOLR  NEAR514  STA
                      ORIG  14645  71030
                      DIST  10
                      GDIR  36  0  10
                      ELEV   1  215
                      ELEV   2  215
                      ELEV   3  215
                      ELEV   4  215
                      ELEV   5  215
                      ELEV   6  215
                      ELEV   7  215
                      ELEV   8  215
                      ELEV   9  215
                      ELEV  10  215
                      ELEV  11  215
                      ELEV  12  215
                      ELEV  13  215
                      ELEV  14  215
                      ELEV  15  215
                      ELEV  16  215
                      ELEV  17  215
                      ELEV  18  215
                      ELEV  19  215
                      ELEV  20  215
                      ELEV  21  215
                      ELEV  22  215
                      ELEV  23  215
                      ELEV  24  215
                      ELEV  25  215
                      ELEV  26  215
                      ELEV  27  215
                      ELEV  28  215
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                      ELEV  29  215
                      ELEV  30  215
                      ELEV  31  215
                      ELEV  32  215
                      ELEV  33  215
                      ELEV  34  215
                      ELEV  35  215
                      ELEV  36  215
   GRIDPOLR  NEAR514  END

   GRIDPOLR  NEAR612  STA
                      ORIG  14763  71105
                      DIST  10
                      GDIR  36  0  10
                      ELEV   1  215
                      ELEV   2  215
                      ELEV   3  215
                      ELEV   4  215
                      ELEV   5  215
                      ELEV   6  215
                      ELEV   7  215
                      ELEV   8  215
                      ELEV   9  215
                      ELEV  10  215
                      ELEV  11  215
                      ELEV  12  215
                      ELEV  13  215
                      ELEV  14  215
                      ELEV  15  215
                      ELEV  16  215
                      ELEV  17  215
                      ELEV  18  215
                      ELEV  19  215
                      ELEV  20  215
                      ELEV  21  215
                      ELEV  22  215
                      ELEV  23  215
                      ELEV  24  215
                      ELEV  25  215
                      ELEV  26  215
                      ELEV  27  215
                      ELEV  28  215
                      ELEV  29  215
                      ELEV  30  215
                      ELEV  31  215
                      ELEV  32  215
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                      ELEV  33  215
                      ELEV  34  215
                      ELEV  35  215
                      ELEV  36  215
   GRIDPOLR  NEAR612  END

   GRIDCART  LARGE  STA
                    XYINC  12250  21  250  68750  21  250
                    ELEV   68750  205  205  208  210  213  216  220
                    ELEV   68750  223  226  230  233  237  239  241
                    ELEV   68750  244  248  255  261  268  274  276
                    ELEV   69000  202  205  207  209  212  214  217
                    ELEV   69000  219  223  227  230  234  237  240
                    ELEV   69000  243  246  251  257  263  269  275
                    ELEV   69250  200  202  204  206  209  213  216
                    ELEV   69250  220  226  227  228  235  241  247
                    ELEV   69250  252  256  262  268  274  280  278
                    ELEV   69500  197  199  201  203  207  211  215
                    ELEV   69500  221  228  227  226  237  245  254
                    ELEV   69500  261  267  273  279  285  291  281
                    ELEV   69750  195  197  198  200  204  209  215
                    ELEV   69750  222  231  227  225  238  250  261
                    ELEV   69750  269  278  284  290  297  303  284
                    ELEV   70000  193  194  195  196  202  207  214
                    ELEV   70000  223  234  228  223  239  254  269
                    ELEV   70000  278  288  295  301  308  314  287
                    ELEV   70250  191  193  194  196  200  205  211
                    ELEV   70250  218  228  224  221  234  247  260
                    ELEV   70250  269  278  287  296  305  311  291
                    ELEV   70500  190  191  193  195  199  203  208
                    ELEV   70500  214  222  220  219  229  240  251
                    ELEV   70500  260  269  280  291  302  307  295
                    ELEV   70750  188  190  192  194  198  201  206
                    ELEV   70750  210  215  216  218  224  233  243
                    ELEV   70750  251  259  273  287  299  303  299
                    ELEV   71000  187  189  191  193  196  200  203
                    ELEV   71000  206  209  213  216  219  227  234
                    ELEV   71000  241  249  265  282  295  299  302
                    ELEV   71250  186  188  190  192  195  198  200
                    ELEV   71250  203  206  209  212  215  222  229
                    ELEV   71250  235  242  256  269  283  295  307
                    ELEV   71500  184  187  189  191  193  196  198
                    ELEV   71500  200  203  205  208  210  217  223
                    ELEV   71500  229  236  246  256  271  292  312
                    ELEV   71750  183  185  187  189  191  193  196
                    ELEV   71750  198  200  202  204  206  212  217
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                    ELEV   71750  223  229  236  243  259  288  316
                    ELEV   72000  182  184  186  188  190  191  193
                    ELEV   72000  195  196  198  200  201  207  212
                    ELEV   72000  217  223  226  230  247  284  321
                    ELEV   72250  181  183  185  187  188  190  192
                    ELEV   72250  193  195  197  199  201  206  212
                    ELEV   72250  217  222  228  234  249  280  313
                    ELEV   72500  179  181  183  185  187  189  190
                    ELEV   72500  192  195  197  199  201  206  211
                    ELEV   72500  216  221  229  237  252  276  305
                    ELEV   72750  178  180  181  183  185  187  189
                    ELEV   72750  191  194  196  199  201  206  211
                    ELEV   72750  215  220  230  240  254  272  296
                    ELEV   73000  177  178  180  182  184  186  188
                    ELEV   73000  190  193  196  198  201  206  210
                    ELEV   73000  215  219  232  244  256  269  288
                    ELEV   73250  176  177  179  180  182  184  186
                    ELEV   73250  188  191  194  197  203  206  218
                    ELEV   73250  222  223  233  247  266  287  302
                    ELEV   73500  175  176  178  179  181  182  184
                    ELEV   73500  186  189  193  197  205  207  225
                    ELEV   73500  229  228  234  251  277  305  316
                    ELEV   73750  174  175  177  178  179  181  182
                    ELEV   73750  184  188  192  196  207  208  233
                    ELEV   73750  236  232  235  254  287  323  329
   GRIDCART  LARGE  END

   GRIDCART  SMALL  STA
                    XYINC  14175  21  50  70575  21  50
                    ELEV   70575  218  219  220  221  220  220  219
                    ELEV   70575  219  218  218  217  218  220  221
                    ELEV   70575  223  225  227  229  231  233  235
                    ELEV   70625  217  218  219  220  219  219  218
                    ELEV   70625  218  218  217  217  218  219  221
                    ELEV   70625  223  224  226  228  230  232  234
                    ELEV   70675  216  217  218  218  218  218  218
                    ELEV   70675  217  217  217  217  217  219  220
                    ELEV   70675  222  223  225  227  229  231  233
                    ELEV   70725  214  216  217  217  217  217  217
                    ELEV   70725  217  217  217  217  217  219  220
                    ELEV   70725  221  223  224  226  228  229  231
                    ELEV   70775  213  214  215  216  216  216  216
                    ELEV   70775  216  216  216  216  217  218  219
                    ELEV   70775  221  222  223  225  226  228  230
                    ELEV   70825  212  213  214  215  215  215  215
                    ELEV   70825  215  216  216  216  217  218  219
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                    ELEV   70825  220  221  222  224  225  227  229
                    ELEV   70875  211  212  213  213  214  214  214
                    ELEV   70875  215  215  215  216  216  217  218
                    ELEV   70875  219  220  221  223  224  226  228
                    ELEV   70925  210  211  212  212  213  213  214
                    ELEV   70925  214  215  215  215  216  217  218
                    ELEV   70925  219  220  220  222  223  225  226
                    ELEV   70975  209  210  210  211  212  212  213
                    ELEV   70975  213  214  215  215  216  217  217
                    ELEV   70975  218  219  219  221  222  224  225
                    ELEV   71025  208  209  209  210  211  211  212
                    ELEV   71025  213  213  214  215  215  216  217
                    ELEV   71025  217  218  219  220  221  223  224
                    ELEV   71075  208  208  209  209  210  211  211
                    ELEV   71075  212  213  213  214  214  215  216
                    ELEV   71075  216  217  218  219  220  222  223
                    ELEV   71125  207  208  208  209  209  210  211
                    ELEV   71125  211  212  212  213  214  214  215
                    ELEV   71125  216  216  217  218  219  221  222
                    ELEV   71175  206  207  207  208  209  209  210
                    ELEV   71175  210  211  212  212  213  213  214
                    ELEV   71175  215  215  216  217  218  220  221
                    ELEV   71225  206  206  207  207  208  209  209
                    ELEV   71225  210  210  211  211  212  213  213
                    ELEV   71225  214  214  215  216  217  219  220
                    ELEV   71275  205  206  206  207  207  208  208
                    ELEV   71275  209  210  210  211  211  212  212
                    ELEV   71275  213  214  214  215  216  218  219
                    ELEV   71325  204  205  205  206  207  207  208
                    ELEV   71325  208  209  209  210  210  211  212
                    ELEV   71325  212  213  213  214  215  217  218
                    ELEV   71375  204  204  205  205  206  206  207
                    ELEV   71375  207  208  209  209  210  210  211
                    ELEV   71375  211  212  212  213  215  216  217
                    ELEV   71425  203  204  204  205  205  206  206
                    ELEV   71425  207  207  208  208  209  209  210
                    ELEV   71425  210  211  211  212  214  215  216
                    ELEV   71475  202  203  203  204  204  205  205
                    ELEV   71475  206  206  207  207  208  208  209
                    ELEV   71475  209  210  210  211  213  214  215
                    ELEV   71525  202  202  203  203  204  204  205
                    ELEV   71525  205  206  206  207  207  208  208
                    ELEV   71525  209  209  210  210  212  213  214
                    ELEV   71575  201  202  202  203  203  204  204
                    ELEV   71575  204  205  205  206  206  207  207
                    ELEV   71575  208  208  209  210  211  212  213
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   GRIDCART  SMALL  END

RE FINISHED

ME STARTING
   INPUTFIL  LLNL94.ISC
   ANEMHGHT  10.
   SURFDATA  1801  1994  LLNL
   UAIRDATA  1801  1994  LLNL
** DAYRANGE  1-10
ME FINISHED

OU STARTING
   RECTABLE  ALLAVE  FIRST

   PLOTFILE  1 A514  FIRST CH94514M.FIL
   PLOTFILE  1 A612  FIRST CH94612M.FIL

   PLOTFILE  PERIOD A514  CH94514.FIL
   PLOTFILE  PERIOD A612  CH94612.FIL

OU FINISHED
**
�
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3.0  Sample of the First 24 Hours of Meteorological Data

File:  LLNL94.ISC Format:  (412, 2FP.4, F6.1, I2, 2F7.1)

Surface Station No.:  1801 Upper Air Station No.:  1801

Name:  LLNL Name:  LLNL

Year:  1994 Year:  1994

Flow Speed Speed
Mixing Height

(m)

Year Month Day Hour Vecor  (m/s) Temp Class Rural Urban

94 1 1 1 31.0 1.00 278.7 6 600.0 600.0

94 1 1 2 230.0 1.00 277.7 5 600.0 600.0

94 1 1 3 7.0 1.00 276.5 6 600.0 600.0

94 1 1 4 302.0 1.00 276.3 6 600.0 600.0

94 1 1 5 143.0 1.00 275.3 6 600.0 600.0

94 1 1 6 348.0 1.00 275.0 6 600.0 600.0

94 1 1 7 189.0 1.00 275.5 6 600.0 600.0

94 1 1 8 49.0 1.00 275.5 6 600.0 600.0

94 1 1 9 192.0 1.00 275.4 5 600.0 600.0

94 1 1 10 229.0 1.00 276.7 4 600.0 600.0

94 1 1 11 28.0 1.00 280.0 3 600.0 600.0

94 1 1 12 91.0 1.39 284.4 2 600.0 600.0

94 1 1 13 291.0 1.00 288.9 1 600.0 600.0

94 1 1 14 134.0 1.00 291.4 1 600.0 600.0

94 1 1 15 161.0 2.59 289.5 2 600.0 600.0

94 1 1 16 214.0 4.60 284.8 3 600.0 600.0

94 1 1 17 213.0 3.89 282.4 4 600.0 600.0

94 1 1 18 197.0 3.62 281.2 4 600.0 600.0

94 1 1 19 218.0 1.70 281.2 4 600.0 600.0

94 1 1 20 219.0 3.31 280.7 4 600.0 600.0

94 1 1 21 220.0 4.78 280.2 5 600.0 600.0

94 1 1 22 224.0 3.89 279.9 4 600.0 600.0

94 1 1 23 225.0 2.68 279.9 4 600.0 600.0

94 1 1 24 225.0 2.82 280.0 4 600.0 600.0

Notes: Stability Class    1 = A,     2 = B,     3 = C,     4 = D,     5 = E,      and     6 = F.
Flow Vector is director toward which wind is blowing.
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Appendix G.
Natural and Man-Made Radiation
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Appendix G.

Natural and Man-Made Radiation

1.0  Introduction

Radiological doses to the public result from both natural and man-made radiation.  This
brief overview of natural and man-made radiation is provided in the Lawrence
Livermore National Laboratory (LLNL) Environmental Report for 1994 (LLNL, 1995) and
is repeated here to give the reader a very basic understanding of radiation.  For more
information, see Radiation:  Doses, Effects, Risks (U.N. Environment Programme, 1985).

By far the greatest part of radiation received by the world’s population comes from
natural sources—primarily cosmic rays that impinge on the earth’s atmosphere from
space and radionuclides naturally present in our environment, such as radioactive
materials in soil and rocks.  Among these terrestrial sources are carbon-14, potassium-
40, rubidium-87, uranium-238, thorium-232, and the radioactive elements, such as
radon, that arise following decay of uranium and thorium.  The source of human
exposure to natural radiation can be external (from substances staying outside the body)
or internal (from substances inhaled in air or ingested in food and water).  Individual
doses vary with location.  The level of cosmic radiation increases with altitude because
there is less air overhead to act as a shield, and the earth’s poles receive more cosmic
radiation than the equatorial regions because the earth’s magnetic field diverts the
radiation.  The levels of terrestrial radiation differ from place to place around the United
States and around the world, mainly due to variations in soil and rock composition.

Adding to this pervasive natural or background radiation is man-made radiation from
radionuclides used in medicine, consumer products, and the production of energy and
nuclear weapons.  Exposure to man-made sources can be controlled more readily than
exposure to most natural sources.  However, nuclear explosives tested in the
atmosphere in the 1950s–1960s spread radioactivity across the surface of the globe, and
the nuclear reactor accident at Chernobyl affected a large area.  At present, medical
treatment is the largest common source of public exposure to man-made radiation.
Individual medical doses vary enormously—someone who has never had an x-ray
examination may receive zero medical dose while patients undergoing treatment for
cancer may receive many thousands of times the annual average dose from natural
radiation.  Another source of public exposure to man-made radiation is consumer
products, including luminous-dial watches, smoke detectors, airport x-ray baggage
inspection systems, and tobacco products.
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2.0 Radioactivity

Generally, naturally occurring isotopes are stable, but notable exceptions include
carbon-14, potassium-40, thorium-232, uranium-235, and uranium-238, which are
naturally occurring but radioactive.  Nuclear decay divides into three main categories:
alpha, beta, and gamma.  Alpha decay is the spontaneous emission of an alpha particle
(a bound state of two protons and two neutrons—the nucleus of a helium atom) from a
nucleus containing a large number of protons (most commonly 82 or more).  Beta decay
is the spontaneous conversion of a neutron to a proton in the nucleus with the emission
of an electron, and gamma decay is the spontaneous emission of high-energy photons
(high-frequency electromagnetic radiation) by nuclei.

Radioisotopes decay at quite different rates; the “half-life,” or length of time for half of
the atoms to decay, spans a wide range from small fractions of a second to millions of
years.  For example, tritium (the radioactive form of hydrogen) has a 12.3-year half-life,
compared to 24,131 years for plutonium-239.

Some radioisotopes undergo a decay chain, forming radioisotopes that decay into other
radioisotopes until a stable state is achieved.  For example, an atom of uranium-238 can
undergo alpha decay, leaving behind a daughter, thorium-234, which is also
radioactive.  The transformations of the decay chain continue, ending with the
formation of lead-206, which is a stable isotope.

Radioactivity can be hazardous because radiation (alpha particles, beta particles, or
gamma rays) can be released with great energy.  It is capable of altering the electronic
configuration of atoms and molecules, especially by stripping one or more electrons off
the atoms of the irradiated material, thereby disrupting the chemical activity in living
cells.  If the disruption is severe enough to overwhelm the normal restorative powers of
the cell, the cell may die or become permanently damaged.  Cells are exposed to many
naturally occurring sources of chemical disruption, including naturally toxic chemicals
in food, microbes that cause disease, high-energy radiation from outer space (cosmic
rays), and heat and light (including the sun’s rays, which can cause sunburn and skin
cancer).  Consequently, cells and living organisms have evolved the capacity to survive
limited amounts of damage, including that caused by naturally occurring radioactivity.

Three main factors determine the radiation-induced damage that might be caused to
living tissue:  the number of radioactive nuclei that are present, the rate they give off
energy, and the effectiveness of energy transfer to the host medium, i.e., how the
radiation interacts with the tissue.  Alpha radiation can be halted by a piece of paper
and can scarcely penetrate the dead outer layers of skin.  Radioisotopes that give off
alpha radiation are generally not health hazards unless they get inside the body through
an open wound or are ingested or inhaled.  In those cases, alpha radiation can be
especially damaging because its disruptive energy can be deposited within a small
distance, resulting in significant energy deposited in a few cells.  Beta radiation from
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nuclear decay typically penetrates a centimeter or two of living tissue.  It therefore
deposits energy over many cells, decreasing the damage to any single cell.  Gamma
radiation is extremely penetrating and can pass through most materials, only being
significantly attenuated by thick slabs of dense materials, such as lead.

3.0 Measurement of Radioactivity and Dose

The rate that a nucleus decays is expressed in units of becquerels, abbreviated Bq, where
one becquerel is one decay per second, or alternatively in curies, Ci, where one curie
equals 3.7 × 1010 (37 billion) decays per second, or 3.7 ×  1010 Bq (approximately equal to
the decay rate of 1 gram of pure radium).  Becquerels and curies are not measures of the
effect of radiation on living tissue.  This depends on the efficiency of energy deposition
as the radiation traverses matter.

The amount of energy deposited in living tissue is called the “dose.”  The amount of
radiation energy absorbed per gram of tissue is called the “absorbed dose,” and is
expressed in units of rads or grays (Gy), where 1 Gy equals 100 rads.  Because an
absorbed dose produced by alpha radiation is more damaging to living tissue than the
same dose produced by beta or gamma radiation, the absorbed dose is multiplied by a
quality factor to give the dose equivalent.  The quality factor for alpha radiation is 20;
for beta and gamma, 1.  The dose equivalent is measured in units of rem or Sievert (Sv);
1 Sv equals 100 rem.  Also commonly used are millirem (mrem) and milliSievert (mSv),
which are one-thousandth of a rem and sievert, respectively.

Just as one type of radiation can be more damaging than others, some parts of the body
are potentially more vulnerable to radiation damage than others, so the different parts
of the body are given weightings.  For example, a given radiation dose from iodine-131
is more likely to cause cancer in the thyroid than in the lung.  The reproductive organs
are of particular concern because of the potential risk of genetic damage.  Once
particular organs are weighted appropriately, the dose equivalent becomes the
“effective dose equivalent,” also expressed in rem or sievert.

The effective dose equivalent describes doses to individuals.  When individual effective
dose equivalents received by a group of people are summed, the result is called the
“collective effective dose equivalent” and is expressed in person-Sievert or person-rem.
Finally, to account for the long-term effects of radionuclides as they continue to decay
and affect generations of people, we calculate the dose over many years, summing the
effect over time.  This is termed the “collective effective dose equivalent commitment.”
Most of our discussion in this chapter deals with the effective dose equivalent and the
collective effective dose equivalent.
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4.0 Doses from Natural and Man-Made Radioactivity

The average radiation dose from natural sources in the United States, according to the
National Council on Radiation Protection and Measurement (NCRPM, 1987), is
3.0 mSv/y (300 mrem/y).  Approximately 0.3 mSv/y (30 mrem/y) of this exposure
comes from high energy radiation from outer space (cosmic rays).  Terrestrial sources,
mainly radionuclides in rock and soil, also account for approximately 0.3 mSv/y
(30 mrem/y) of the average natural dose.  Another significant part of the dose comes
from radionuclides we ingest through food and drink, resulting in approximately
0.4 m Sv/y (40 mrem/y).  Potassium-40 and carbon-14 are common radionuclides in
food.

The remaining 2.0 mSv/y (200 mrem/y) or 67% of the average dose from natural
sources in the United States comes from radon gas.  Radon is one of the major
radionuclides produced by uranium decay, and our inhalation dose is dominated by
radon’s short-lived decay products.  Figure G-1 shows the distribution of annual
radiation doses from natural and other common sources.

Radon dose varies significantly with geographic location.  Levels several times higher
than the average occur in some regions of the United States while at LLNL and its
environs doses as low as half the average are typical.  Radon gas seeps out of the earth
worldwide.  Radon in water and natural gas provide additional but less important
sources of radon in homes.  Consumption of water high in radon is not the main
exposure source; a greater exposure is believed to arise from inhalation of radon in
water vapor when showering.  The United States Environmental Protection Agency
(EPA) has instituted a major program to educate the public regarding the effects of
naturally occurring radon (EPA and U.S. Department of Health and Human Services,
1986).

Medical treatment is the largest common source of public exposure to man-made
radiation, and most of it is from medical x-rays.  These contribute 0.39 mSv (39 mrem) to
the average whole-body dose in the United States, but individual doses vary
enormously.  For example, a typical dental x-ray series results in a skin dose (not whole
body) of approximately 2.5 mSv (250 mrem).  Nuclear medicine contributes 0.14 mSv
(14 mrem) to the average dose, and consumer products add 0.1 mSv (10 mrem).  For a
typical member of the public, radiation from medical procedures and consumer
products result in a dose of approximately 0.63 mSv/y (63 mrem/y).  The average dose
from other man-made sources, including fallout from nuclear testing, is less than 0.03
mSv (3 mrem).  As will be described in the following sections, the contributions from
LLNL operations to the dose of even the most affected resident would not be discernible
on the scale shown in Figure G-1; see the Environmental Report for 1994 (Harrach et al.,
1995) for further discussion of LLNL contributions to dose.
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EPA Environmental Protection Agency

LLNL Lawrence Livermore National Laboratory

NCRPM National Council on Radiation Protection and Measurement

U.S. United States
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Figure 12-1.  Typical annual radiation doses from natural and man-made sources
(National Council on Radiation Protection and Measurements 1987b).
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Figure G-1.  Typical annual radiation doses from natural and man-made sources
(NCRPM, 1987)
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